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(54) WHITE-COLOR LIGHT-EMITTING DIODE AND 
MANUFACTURE THEREOF 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain light of white color 
by providing a second n-type semiconductor-material 
layer and a second electrode on a first n-type 
semiconductor-material layer, providing a p-type 
semiconductor-material layer on the second n-type 
semiconductor-material layer, providing the first 
electrode on the p-type semiconductor-material layer and 
generating light, wherein the spectrum has a plurality 
of wavelength peaks. 

SOLUTION: On a substa^te 20, an n-type gallium nitride 
22 of a first n-type semiconductor-material layer, an 
n-type gallium nitride 24 of a second n-type 
semiconductor-material layer and a p-type gallium 
nitride 26 are formed. Parts of the n-type gallium 
nitride 24 and the p-type gallium nitride 26 are 
removed. A first electrode 28a and a second electrode 
28b are formed on the p-type gallium nitride 26 and the 
n-type gallium nitride 24. The respectively different 
energy gaps are made to be generated at the n-type 
gallium nitride 22, the n-type gallium 24 and the p-type 
gallium nitride 28. When a current Is applied from the 
outside in the vicinity of the interface of the n-type 



gallium nitride 24 and the p-type gallium nitride 26, 
the light-emitting spectrum generates light having two 
wavelength peaks. 
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(57) [SSsfj] (ilEiEW) 

y-f :t- H*5 J;Z^^-©^ifi*&&*|fi^-r S Z. t. 

:t-H<&jgfiS;$-ti-^^®iaag, Kij. 7y^-y (nh 
a ) 8Sa> =^^v'J7;«fX (*^t^^) «>^i)-tfc*IHIS 

t i o Ti{*^©/t 7 ^ ©ffiHrt T? P n S-e-^^-r :t 



(a) 



ZZZZZ 





( 2 ) 

1 

Mm 1 ® n m^mi^ttnm±\zm^-^ nfc^ 2 ® n 
^^±\zitwt>u\^^mi(Dmmt. 10 

Wf2mi©«ffiill2»«ffi»c«SitS:jStbfci:#> Mtfi 

m 2 o n s*s^^^*^^s^s t p s!*««c*j^o#Bd^ ei8 

th\zmt:fsv'y/^-c$>^:iii'&^wifr^m^mnz 20 
[ii^jas] mmmi<Dnmmit^v^A(^^t>f)iz 

•v^^z:ii^^mfr^mj^m2{zmm<o&&%^y'X 

1 > tm 2 > t tcEij-s nfcssf^ t , 
Mig»eom 1 V- >±izm^^tirz.m 1 ® nM¥»f*c 
*r^s^t, 30 

mf^2 <Dnm^^mi^«^±izmf5c.^nrz.mi<opm^m 

mmi<Dpm^mi^un±\zm^-^n. R-DmrnKDv 
m^^mi^^^^^±izitmt>u^^m 2 <Dpm^miiii«n 

mm2<ovmmm^$t1^±^zm^^n1tm 1 

s^iBisafe©^ 2 v-y±iizm^^n. K-^mm 2 

>&^^lr«S^;iVi||2©Sffii:d^&;i-5cli:*i^@i 40 

c^*« 6 3 mmm 1 © n ^^^ft^w^s^*? n m^itr 

tzmwi(^&^%ytiy-f:t- k. 
im^m 7 ] sttam 2 O n n SS^b:*f 

^^^'f:t-H. 50 
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2 

izmm(D&^^yty^:t- k, 

[if*JS9] Mt^^2©pM¥^#:^^!(s^*^pS^fb:^f 
u A r * ■& ;i i Sr#m t T s 4 Jrf2i£© 

m 1 y- > i m 2 V- > <>: E^}- S n;fci!i«^ i: , 

fenS!¥^<*c#*sfJ:|c:jg^K$n, jSS*«»?j5 5 0 nm*^ 
e.6 2 0 nm©Jte^*%-r-5ilt©T€r«>mi©a^ 

mm 1 (Dm^)^wmm±izm^^n. mm^m 3 7 o n 

m*^^ 5 0 0 nm©Wfi^*3«t"SC:i:©T€?Sff2® 

^^2 ©a^#F#iaa±tcj^^snfc^ KDi^m^mi^ 
1 © pS¥^^*^*j»±icjgfiK$n. K-omn 1 © p 

m.m2<D-em^mwiftn±\zm^-^ntzm\<Dmmt, 
iSimmsm<Dm2V->±.\zm^^n. s.o^m2y- 

>*^^lc«^^p?5:Vim2©«ffitd^e,;a:S^:t<&#a 

1 1 ] mummmi)mi\:.i3 u ^ Ai^«ST^b 

SJlt*i|#att-SI!l*Jai Otcl2«E©efef6%^-f^ 

-K. 

x^zA • ^fue?AT?*«z:t*#«t-rs^*«i OIC 

fB«©afif8)ta^'f :t- H. 

[ii*^ 1 3 ] mtzw. 1 ©g^^Fi^iStm 2 ©«i^ 
#F«iS*itfc(r^fk-f >>'':>A • ;?;U'^Afi^#Ff« 
ifiT?*s^:t*#sit-rsii*«i ojcfH«E©eft^jfc 

[W*« 1 4 ] SfrlH® 1 © p M¥«#:«l|Sf*t p M^{t; 
1 0 izfim<D&&^ir^:t- K. 

[iS^JS 1 5 ] WltiW. 2 © p Mif^«#:«)|E^^i p M^it 

[It*^l 6] WS2nS^<bT;U5r.C7A • ;i!;uC7A 
©fb^iC^iAl. Ga,-. NT^;b$n. a-3l^x> 
0 TfeS ;i <i:*#SS<i:-r-5l«*]K 1 2 tcg2«©a6^^ 

[ig*3Hl 73 *trf2pS^fb7;U5^>5'A • ;trU'5'A 
(Dit^^iiiAl. Ga,.. NT?«*5$n, aoi^x> 
OT«.S;itS:«pmit-^iS*]Rl 4lCl2t£©afel«Jt 

[ii*^ 1 8 3 tUfUm 1 ©^Ifc-f >>?C7 A • :!tf U r> A 



( 3 ) 

3 

m^^rmmi)^. U'}^L.m.^Pi-pm 
mmm 2 0 ] MiBn 1 omit-f > a • u a lo 

Mfifli-ficef ■5^fb'r>>":7A • :^fU':>A»gJli*^?, 
ST#F«B*^ *t»:ffi©^ft;-i'>>">A • ;?;U'>AS 

Mfidtctefi-r-s^ft;^ >i?':?A • ^fu-^Ai^Mstd^e. 

jS:^ c: t S#afrSlf*« 1 3 lClH«CDaefg^^^'f 20 

[i«*)B 2 2 ] MIB^fb-f A • ;*f U -^7 Aa^# 
FS©fb^^*M n. Ga... NTSSn, MIB^ftl'T 
>e?':7A • ^^fU-^AI^M^Wfb^iC:**! n,Ga,., N 

H. 

im^m 2 3 ] mm^it-f y^^^K • :»v '>as^^# 
FS©fb^iE:*u n. Ga... NT«sn> wte^fb-f 

A • :itf U AI^SScDYb^Sid* I n. G a , - . N 30 

H. 

[iS*^ 2 4 ] «ftlBSlfb-f >i^^/ A • U -^^ AS^# 
FPO^P^**0. 5 nm*->e, 1 0 nmOPB^TSD, Stlf2 
Sfb'f >>"i/A • :^/Ue'A»M^®/¥$*i5 nmd-'^ 1 
0 0 nm©MT*SCliSil*®li:-r-5l»:^JS2 2 CfE« 

[Ii*^2 5 ] MfHS{b< >>":>A • '>Afi^# 
F^®i¥^*^0. 5 nmd^e. 1 0 nmcDraT&0> ffitS 40 
S^b-f >v":7A • :^;U':7A»S®OJ?;^*t5 nmd»e, 1 

0 0 nm<Dm-v$>:&z.ii^^WLii-r^m^m2 3\zmm 

1 v->±\zm^tinitnm^m^un 
mnm^^m^tti^±\zf&0Si-sn. mm^ms ? o nmd^ 

6, 6 5 0 nm©j|ft^Xtt3!^ft)t&%-r-5C:t©T€rS 
^ 1 ©^-fb-f >>":7A • A«T#F«Jifi<>:. 50 
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1 ®^^b-f >>">A • '>AM^#Fi^ig±IC^ 
^iSStl. iSS*^**«J5 0 0 nm^^e. 5 5 5 nm<DHi'&X^ 

•g>=:t©-r€?s^2©^<b-f >-:?^7A • avyj^m. 

T#F«3ti. 

tem2 ©^fb-f >-;^'5'A • '^A«^#F^ifi±lcJg 
fiSi^n. J6S*^*fJ3 7 0 nmd->^ 5 0 0 nm©»fe?t& 
3«TSZ:t©T7€Sm3©^{b'f >57^7A • :i!f'J^7A« 
T^Fi^ifit, 

3 ©^{b-f >-:?'i7A • l7Am'fPF^mi&±izm 
fig $ nfcm 1 © p M*»«^«!isf <k , 

1 ©pii¥^«e««^±jcj^^$n. fiog^m 1 ©p 
mmm<^«ni:^±iz\,tm.t)f3:^^m2<Di>m^mi^um^ 

m^mmm<Dm 2 !/->±jcjg^sn. ao^^ 2 

> v^ll 2 ©«S t t *!t$«S 

^1 1 *#ia t-r -Sit 2 6 tciBij© ee^^^^-f 

[sS^«2 8] mffEnS¥^#:*fm«nSS<b7;P5 
rz-i^A • ;^f«J':7A-Ci5Scl^S:i^mfr-5l«*^2 6JC 

[ii^is 2 9 ] mmm 1 © p mmmi^ttm^ p ^^^b 

2 6 {C|H«©afe%^^^-f 

3 0 ] wffifg 2 © p m^ma^um^ p ssas 

U '>A-if*Sz:i:*!»®li:-r-5!ir*^2 6 fc|H«©e 

3 1 ] mmf^ 1 ©s^ #F«iia. m 2 ©a^ 

#F«jfi».t^S 3 ©«T#F«lifi**-r'^TSfl;'f >v"^ 
A • U -^AS^^Fi^ifiT^. 0 , K-D^mt-^ yj^ 

■i >i?^7A • i3^i '>AST#FJi-sti^S{b'r >>?':7 
1.-13^) '>AaT#FM©MM»c<ft«-r^S{b-f 

A • ;^fU'i/AlSMe<i:;5^e?5:^c:a:*#®it-r-5W*« 

2 6 icfea©afe^5t^^'f h. 

C«*^3 2] WiHnSS^bTJkSr^C^A -IS^i^h. 

©fb^iCd^Al. Ga,-. NT^*3$n. a-:3l^x> 
0 CI <>: *#atT-5if 2 8 tcfa«©afe%^ 

[^««3 3] t(IfBpS!^{bT;P5='>A • Jt/U-^A 
©fb^^d^Al. Ga,-. N-t?«to;^n, 5Lt?l^x> 
0 CI Srf$®l:fri>^*« 2 9 Jrfe«©afe%>£ 

[Ii*«3 4] «(FKmi©^<b<>>?'>A • ;«fU'i7A 

S^#F^jfi©5-^, ^^b-f >-:^':>A • :</U>^Aa^'# 
F^©'fb^SC;*M n. Ga,-. NT^^^sn, ^'fb'f> 
>»^7A • ;y'J>^A»MS©{b#^*U n, Ga,., NT? 

«*?sn. E.oi^z>y^o-ra&«.j:t$«'Sifr-s 



( 4 ) 

5 

v^'i'A • ;^;'J'>A^Se®<b^iC*n n. Ca,.. NT 

)l<^fb^SC*U n, Ga,-, NTStoSn, mi\L'i>~J 10 
•t^A • :?fU':rA|liMg(Dft;^iC** I G a,., NT?S 

[ii*]H3 7] SitlBSlOS{b-1'>>"^7A • ;9U':7A 
S^#P®, 112 ©gfb'f >-:^':7A • ;<f U C'AS^^F 

^ii^-t^XO. 5 nm*->?> 1 0 nmCD^Tc&D, 
tE^ 1 O^fb-f ^i^l^A • U -^/Afi^^F^. ^2 © 
Sfls-f >>":7A • U •>Aa^#F»jfct/^ 3 ®S<b-f 
>>''5'A • :yU'>A»^#FSCD»M«CDJ¥$*i-r'<T 20 
5 nm*^^ 10 0 nmO^mt-^h^^t.tif^mt'r^m-^ 

{b-f >v":7A • :*f u '^'Aa^^Fi^iat. 

t3Sl!g»«©Sft;'f ^e^^zA • ;<fU'>'A«^#F«ifiJ: 30 

ttriBH 1 ® pS¥^*is:«»±JcjgjE£$n. fio^^ 1 © 
*}sm2 ® ps#^^lc*^)|s^±^c?g^K;snfcll i ®«« 

cw^js 3 9 ] mtzmM.^(Dm\:.^ y^^i^-n^jo 40 

Aa^#Fi^ia©5-^, a-SYb'f ^i^-^A • ;!f U -^Ag 
T#F«lig*<-r'<T. i!>:^<t'b, ^{b'T^i^'^A • J? 
U'J'AS^^FP-ilt, K^{b'r>>7'J'A • :^U'i'A 
S^#FM©isgagtc^®f •S^YbOv^'i'A • :^/U'?A 
f$ffi®id^e.)a:-5CLt*i»®i:-r'5l«*«3 8 JCIE^© 

Cit*JS4 0 ] HJltE^Scmw^^b-f >v''i/A • ;^;'J 

Ag^ #F«$ifi©S:*^*?j 3 ja*^ 6. 3 0 m-c* ^z.t^<^ 
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•r-&w*«3 8 ^zum<DQ^^%y^^- K. 
[ii^ja 4 2 ] wiH^fb-f > -:?^7 A • u ^7 A g^ # 

F^©JlS*^-r^T0. 5 nmd->e) 1 0 nmOrB^Tib 

0, tfrtssfb-f >-:^'i7A • ;f;u '>AgT#F^©^<b'r 

>v":7A • :<fU':7A«tSS©i?$*fr'^T5 nmd^e. 1 

0 0 nm©fflTafes::t$#Sit-rsif*^3 9»r?s® 

[W:^]R4 3] ttrlH^fb'f>>"^A • :^U'^Aa^# 
gT#Fg©MfflJ©tEll2^<b'f >v"^A • ;i?>J -^AI^M 

[^^^4 4] 0««*ti«b. 

p m^m^mn>s:m\z^&^-^T & ^mt^ 
®«5fH p s^^^«fl£t^^s^:&y;^ i © n m^mwtt^±^z^ 

n^tim 1 ©«S til 2 ©««*^ y 1 i: t) tc, 

mmm i <ommii^vm^m^mn'S:^-^\z\tmt>fsi\,-^^ 
o \z. sfctt(ts^2 ©«s*«® 1 (Dnm^ma^un^^ 
'^\zitmt)U^^^z)\zmm-r^. jitsi^mi-r-ssfe 
^^^^-f*-h*©®jfi*ffi. 

4 5 ] mfs.¥^mi^unt iyxmt:^ u !> a & 

ft. 

[ia*«4 6] WIE^l©n3!^{b:ffU'>A©f^^3 0 
fcnS!!£{b7;i/5nC7A • :9U'5'A*«fflT€?. ^ttm 
W.x>m^it:ffV'yA<DRi:>0iZv>m^it7)V 5.-^1^ ■ 

©^S«±JC, mi©nM¥^{*:«-!|SF, ^2© 

^^m»un>s:m\z^&ts'^x&^^1^r-f:t- \*<Dmm. 
®Mtsm 2 © p m^^m^^^n. s i © p ^^^^^^t^iist-, 

^ 2 © n m^^mi^UnRZfm l © n S^|s«^*:*f!|SHcMgl5 
W»rxy5^>if*JfiL. t(rfB^l©riSi|^^<*t««-A«*9 
tBM®® ^^-tlzitmtjfi 1.^ J: 5 IC b . 

©tfifEil 2 © p M¥«fls:*ri|sFjio:M»M ©±»t^n^n 
mi(Dmmtm2(Dmmt:;<y=^-t^tthiz. mt^f^ 
2 <DvmmmiiiUi^tm 1 ©«ffi*<«aiE^ i © p m^j^s 
tifun^^±^z{tmt)m^^z)iz. tfiiE^2 ©«s*«m 

4 8 ] W!ummmi)mit:f} u a HEf t u 
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im^m 4 9 ] mmf^ 1 © n m^mi^ttmi n mmt 

C«*^ 5 0 ] tttism 2 CD n S!*S#:*J)|st*^ n S^fb 

5 1 ] tfrtfiii 1 © p ^i^^^js^tiisF*? p ^^ft 
[tt^jg 5 2 ] wfs^ 2 © p p s^Yb 

«4 7{ctS«®®ja;^ft. 
[M^^ 5 3 ] (DX«$^#^ 

^jg. m2cDm^#F«B. S1©pS^}^«^*c$J^S|.2S.Z/ 
®ttII2^2(Dp^^j^S^it^^s^, UlCDp^^^^^m 20 

^i©ss^:m2<D«a^£^-v:^-r^tt=fcic, stites 
2 ©ps{¥«ft^*tiiBFi^ 1 (ommtmtz'm i ® p^¥« 

[it*«5 4] t(Ig2^2 0ST#F«jgSfiES$-e-fe 30 

^lopS¥S^lc^^!|B^*J^Ess•e•«t^r^c, sescog 

[i«*)a5 6] WfBnS¥^«c*jmtnM^fbT;i'5 

Cit*jg 5 7 ] miE^ 1 ® p m.^^^yi^i(i p M^fb 40 
4^®t-rSli*«5 3X«it*«5 4lCffi«©Sig* 
[ii*iS 5 8 ] tirtsm 2 © p W^nVfU^iii P S^<b 

«5 3{cfB«©gaja5&te. 

ClS^jg 5 9 ] mtssT#F«ljg*i^{b-r a • 

«5 3tCfE«©ii5e^ffi. 
m^T^ 6 0 ] «rgS^ 3 ®ST#F«ijS&fi!t«$1i-;ft: 50 
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mi<op^i|5^«:$j!|sF$;^s$-a-^ttrir, tg^sa© 
ST#F^iS*^*Sl*-^SPi*iig, E.-:3«trl2©«^# 

6 JUS ■a-.s i: t T-5lf 5 4 

[iS*]«6i] *£S$-a-s«^#F^3g©Scdiii!?j3ja 
d> ^ 3 0 «©WT?afe D , fi.-:?«-«^#F«iS*i-r'^T, 
{i>i^<tfe> aT#F^-®i:M»^#F)i©jifffi9tCfi![ 

[0 0 0 1] 

[0 0 0 2] 

[=B£*©S'#] tJe*©^^y-f H hf- ^ 

:t-H©»-rS)t«-r'^TM!l^^^*fe3tT?*o;ft:. 
«> JiH:^ • T;i'5r:':7A • 13''}^ h.(r>^%^-{-^- K« 
^- ;^U'i7A©%^:$''fpi— HJiiltfe 
^^fcj^^-r^. iE-©HdMcfe. fi&©#!|BtS:<sSfflb;^t). 
*S V^an— «!tsfTia^H:©S;f&:S t) ©*^ffl-r-5 t 

jcj;^T. -a^3t^©S7S-5»?ty'r:t-K*S3fr«. 

ctdt-r^s. P-iiltm-;?/U'>A©^t«lt* 
©ffl^tfc, *SVittj»{b7;P5z:C7A 'i3^)^h.-'iy 
5^'>A©7;i/5r:'^A» jtfU'^A, >5^>>A©ffl^tfc 

*flS-rscit{cJ:»3, 5^ • it • i&Hfe^-^tJiis^S© 

[0 0 0 3] iiR?icjis:ffl-r-5«^. t^^|s^ • etfetcs-fe 

•5. m7L\l. W^<D^^%%^^-^-\?- (R) 

ntfej^^y-r^t-K (G) ase^^ty-r 

:t-h*tJt-fefBity<*-K©563t^SH:*3SllEb. 31 

© 2 fe©)t«:il^$itT^e©%3ty^ :t- 

«. mfe©fSfe5S)t^^-i':t-H (R) *e©ii*e% 

^^^-r:^-H (G) , mfi©«e5ejty-1':^— h* (B) 
i:*m^^to-tir, Cl©3fe©j^^y'f:t-h* (R, G. 
B) ©%3fe^StfcSri9fiE-r'5C:<i:t::J:»3, T'<:T©e© 



( 6 ) 

9 

[0 0 0 4] 0 8«B*BM{bI*^®igLfcafi%7fey 
-frt-h* (^#^NLK20 15) ©sp^^T^^^t. 

mii^i^. ^mmi oi!)i2m<Dm^^ytiy-(:i—\i (r) 

t, 2m<Dm^^^y-f:ir-\i (G) t, lfi©»fefg 

SE-rs tfcia^T«eKT?9S^ • « • » 3 fecomfe^^^^ 

t> b 5 ffl0^3ty-f H © 1 0**ffiCD^^t^^-f K 
[0 0 0 5] 

X hWmrztf). R • G • B afeW^^^^-f :t- F«:Sa*. 20 
fgJty-f ^- H • iJ^-f 1 2 1 4 t 

1 5 a©±Jr«iab. ra^»c%)t^^-f K • 1 2 
©«®»c*««a&'b5-*©^S*#i 5 btrg^ 

1 4T^K 1 5 a±.(Dmmm^mt:i 
m^\z^n-i^Pt 1 H • y-f 1 2 

5 a, 15 b©ffl^tt*>Jr?gVi, H^t* 30 
*^^S-B-, 7C©»fe^i:il^$1i-.5C:tfCJ;0afi3t 

«r-&j«-r«tvi^t>©T*s. ;:©:&fe*ffiffi-rn«, 

t*^-t?^-5. Ld->b, m^^!|s|-©^^«^:d->*<) 5 0 0 0 

~i 0 0 0 oB^ra^a&o, 5g^^''-i':r-h'e#©»^i 
0 0 0 0 o^raictfc'<jg*McMvifcje). a-s^^^^-i-^t 

[0 0 0 6] *%Be«, ±t2tJe*©P=m^tcM*-. ii£3fe 40 

fifetiS©^>:;^[S:eS:#-r-5fcje)> tgigc©x^;i'^-^v>>^ 

y-f ^- h'*5 cfcy:-?-©siifi;&fe*s«-r-5 ^1 1 s e w t 
-rsfe©TJb^. 

[0 0 0 7] 

[gis*«ft-rsfcje>©^e] *ieiattJ:tB©BW&» 

y- > <tm 2 V- > t icEij-^ tifc^ 1 o n 
UMii. Wi.f(ii<Dnm^v^{if-i^um±\zi^m^nrz.f^2 
©nS!^^s^#:^^^s^e^:, fe^2©nS!^^4s^i£*^!|s^s±^c so 
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fig^n. J.oMpS*^#:*J)^<£^^Jr«®*3;^cVimi 
©«ffit, ^^l©nM^i£S*j£tJlB^©||2\/->±fr?e 
^^n, 5.0^^2 y->S:^:^tc«Mto;5:V^^2©« 
S9l2^l©^St||2©«Slc«8i^*^S^ 
Lfct^, t&f2B2©nS¥^«^«)|Sfei:pSif4S<ii£# 

u<D^mii^^^'^ibn^7.^i7 Y)vifi2mm<DWL^\i— 

[0 0 0 8] S;tii>:|«qgir*3ViT«. 
©^««±Jc||l©n^ii4S#:*ti|sf, ||2©nS¥^f*: 

«■<B^xrXpSi^4«^*:*^!|s^sJ(a^cj«fi^^-a•Tefe%)ty< 
:t-h*©«ifi*jgi£L, (smupm^mwiei'm^-am2 
<r}nm^mw^mzmmm\z:cv=^>-^^m\^> ^2© 
ns^f4a«^*^)|s^*^•m 1 <Dnm^m.^^i^^%±\z\tm.t:> 

1S.\/^^o\ZV., @WfB P S?¥«#:#!|SFRt^|| 1 © n S¥ 

^<i:*f!|ef±ic-?-n^nm 1 ©«st^2 ©«a^;< 

-r^ii}i^\Z. Mf2^1©«g*«pS*^#:«!tEF*^^ 

[0 0 0 9] :i^%mi)mm-r^:fsm\-i^\z. xe^'^^s- 

©^M<fe^iin;l-5iit(riD, 4#^©/t5p(-5'©$gH 
rt-C. p nS-g-^-f ^- h*©^^®©^^;^'<i7 VMZ 

ai[Sbr-i'&2o%^$-a-stvi5>b©Tf*-5. stsbf 
-^©!^?t&SBL(yt^s&©ifflir«c:tici:D. eejt 

[0 0 1 0] *fgWtt*fc, pnS^^-frt-HWi^jfi 
©;&:*^»rST#F«iS&*S$i*-, xt!^'^^->-vJU^e 
*fT 5 IS©/t 9 ^ - ^ *i9fi-r -S ^1 1 ic J: 0 #F 

<r>mt7.^i7 vmz^n^nmn.^Wi3L\i-^-^%^^ 
■a-. 2o3i«3o©S!ft«jStgtf-ir5fei(a«.-&to-a-Ta 

[0 0 11] 

■o^'^Tnmizmm-r?>, 

[0 0 12] 

^©?g)t^^-f 2aa«±©jsstr-i7*56* 

^•ii--5;ii{rJ:t)ee^Sr-B-^-r-Sfc©T*-5. 

2a«©S7S:^fe«tf-i7$rfflV^Tafe^«r^fi£f 
— fl£JC«JSS*««<J4 3 0 nm©WfeJti:&ft 
**»fl5 6 0 nm©Jtfe)td<SfflSn«>. 3«SI©S3&-5 

^iimS 7 0 nin~5 0 0 nm©Wfe^i:. iSS*<*tj5 
0 0 nm~ 5 6 0 nm©illtfeit<i:&S*^*5 6 2 0 nm~ 
7 0 0 nm©*e^A<Sffl$n-5. MfSIc, i£©J:3 
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[0 0 13] 01 (a) JCS^^nSi^C, :x.\±^^=^ 

««) 2 0o±jt. ^i©nSS{t;:^;'J':>A (GaN) 10 
2 2. f^2<Dnm^^f}VOA2 4. DM^itiiV^A 

[0 0 1 4] :;^ViT0i (b) izm^n^^oiz. jj^h 

(DnmMit:»0^A2 4RZ^vmm^:aV^I^m2 6<D 

-gE*^*L, ^LTttfai®pM^fb:^fU'i/A2 6SO^ 
112 ®n^^{t;:^'J -^A 2 4 ©-hlC^tl-f^nm 0«S 

2 8 aJSLt/^ 2 ©«S 2 8 b *fl^^-r-&. 

[0 0 15] ±jzB©xtr3^^->^;i/j*s©jaeT«. 

T>^XT (NH, ) gitfi, =t^^'JT:yx 20 
€r. #Jcxbf5':*^'>^;i.g2 4i:2 6 t©#®#jfi-r 

»[«tr-i!7!&2-^WL, -€-n^nStft*«3 7 0 nm~4 
5 0 nmm^<D^-&yttm&itfi5 0 0 nm~6 0 0 nm 

nmm2 30 
ttfiecDHi (b) ^?l5^?gbfcae5!3t:^''-^3^-K«, x 

^fls:*fU'>'AeDf^fcD»r^<bTJI/5r:!:7A • ^fU'J'A* 

©Tab -5. 

[0 0 16] 02tC^3n«.J;5t. ^E-®i^ifi«, 

3 0 i, C10»tR3 0±lrjg|£$n, Jba5**mil/-> 
tS2 V->i:»CES'J$nrcnS^{bT;i'5x>5A • 
UC'A3 2<h, e:®nSS{bT;W5X'>A • :^U'>A3 40 

2 ®M 1 y->±jcj^fi£$n&ns^ft;;^f >^a 3 4 

C^A • ;yU'?A3 6«r^^lctSMte;5:Vi||l©«S3 8 
at, $e.»C«}jzB©nl!^ft;T;i'3X'^A • j?fU'^A3 

2 2 y- >± na^ ;i ron 2 y- 

»C«®*j?kVi^2 0«S3 8 b^:^^e>;li•5. 
[0 0 17] J:j£bfcllJgfiq2tcJ;r)^S3*fextf^' 
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hJl'At^fe^ (B) RZSn^^ (Y) ©2 

\^i)^^-r^itm(D^itzL<D2mm<Dm^yei:m^Lrzh 

^^TS z. t**-c€r^. HMfisj 2 tr*5it-5 nM^<t;;?f' J 
•>A*^^S14Sfrs^7^nxh!+^'->-i^jfi«, e 

^^nt*. ^ft;^;u':7A©^Tefe%^y'f:r-H*s 

A©1«^3^iac«llfl2;^f U A©-€-*i < ^fc e.;^ 
v^&je>. xt!5'+->-v;i'^fi©K5©Ja*%)^^b:^/U'>'A 

Ilifi«»i3 

i^M^ai 3 nmm 2 <Dm7&\z^it^ v ^i.mmmmf- 

pS?^fb;^';':>A*Jn;^fe*)©-t?, to'r^z.t\z^K> 

*/hs<b, ^sew*#s#«-r^:a:®T?#st>©-t?* 

-5. 

[0 0 18] 0 3ir^$n^J;5(c, ^E-©«3a«, as 

4 0 c:©»«4 o±jcjg^$n±?B*«^ 1 v^->t 
^2v^->i:icB:S'J$n'S^<k;*fU'i7Aig»e4 1 
z.(Dmih:»^j'yi.mmm4 i<Df^iv->±izm^^n 
rznmmt7)i^s.=.'yi, ■ :^V'yj^4 2 1. Z.<DmtT 
;U5x<i7A • ;«fU^>A4 2 J:lcjiJ^$nfcnM^ft::;?fU 
'>A4 3i:, C:©n^^{b;^«J'>A4 3±(C?gf«$nfc 
pS^fl:7;V5X>>A-:^fU'^A4 4i:, j:©p^^{b 
TJPSXC/A • :«fUC/A4 4±JC}g^SnaopS^{b 
TJl/Sx^zA • j!f'J'>A4 4*^^{C«Sfc;5:Vip^^ 
'fb:^U'>A4 5 t> Jl©pM^'fb:^U':7A4 5±ICJg^ 

sn;fc^ 1 ©«a4 8 a z.<Dmti3^} 'yA(Dmmm 

4 l©|g2y->J:KJg^SnB.0^2y->*^^»C 

«^^3;^ViSg2©«S4 8 b t*^6J5:-5. 

lliS«»l4 

±\zm\frc:!^^m(Dmmm3it. xb!^'+->^;i.^s© 

TS75:'5X:^^;U:^:-=^Y>y:/liSr*i:3-e-, 

h;ncS;^^&«tf-^'*^^fe$-(^^fe©T^>■^.. — 

tr rS' 4^ -> -^^ 3? ^ ©/t ^ ^ - * ^ST^ ^1 i: 

[0 0 191 04IC^$tl«.J:5IC, ^ifiOT4«2aio 

S«5 0±iCJg^$n±gB*i||l y->i:S2y->t 

cE^j-stifc^<b;«?'j ^j^mmm s 2 1, z.(D^it^^} 
^i^mmm 5 2 ©^ i \/->jiJc}g*K$nfcns^fb7 
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A • :^U'i7A5 4®±JCJg^$n. &S*iijs55 5 0 nm 

~6 2 0 nmoMfejt^f^-rscitro-c^siliro^'fb 
n> i6S*^*5 3 7 0 nm~5 0 0 nm«#fe^SrH-r-5 

mm5 6t. e:cD^2®gft;-r>>"^A ' :^';'^AM^ 

#F^ii5 6®±tCJg^$nfcp^^fbT;l'5r:>>A • 
5 7©±JCJg^3nE.Opl!^ft;7;i'5r::^7A • 

(Dpm^^h^U'yi.b 8 ±\zm^-^rLr:if^ 1 (Dmms 9 
a i:, S'fb:^;u ^Ammm 5 2 00112 

nao^ 2 v^->*^^»c«ffito;5:v^m 2 5 9b 

[0 0 2 0] ^KDrnt-Oi^^yj^ • r^U-^Ag^^F 
^jfiS 5tt, JP$*^*«J 1 0 nmd->e. 0. SnmOFe^®^ 
Yb'f>5?C7A AaT#FS5 5 bt, Jl^dtJSfl 

1 0 0 nm*^^ 5 nmK»FB^-t?. ^itOi^^yA - fJ^J 17 20 

Aa^#Fe 5 5 ba^mmiz&^^it-i y-j^OK • 

'^'ABSas 5 aRt^S 5 c lilS^^fS.^, ^mz. ^2 

<om^^ ' ;9u "i/AS^^F^iaa 5 e t>*fc, 

JP$Ai*?Jl 0 nm^^e. 0. 5 nm^Fslc^Sfb^ >v'r?A 

• ;<;U rJ'AaT^Fe 5 e b ffS^tiia 1 0 O nm*^ 
e. 5 nmCDffiTf, ^-fb-f >-:^C7A • jlfU ":7A«^#Fe 

5 6b OMAJtr^-S^flS-r >5?':7A • U <:?A|StSJl 5 

6 aRT/5 6 c t.iS^^U^. -f^©^"^. ^{b-f >>":7A 

• ;*;'J -^APtSM 5 5 aSit^S 5 c Ofb^iCtt I n, G 
a,-y N. Wk,-<Z^V^K • U r^AfiT^FS 5 5 b 30 
«<b^SC«In. Ga,-z NT*t)Sn, ^it-Oz^'^ 

A • :^JU -^A^SM 5 6 aRCXS 6 h<Dit^\t I n. 
Ga,-m N. ^fb-l" >-:^':7A • U ^'AST^F® 5 6 
b©^b^^«In. G a,-n K-^mtitStl. *fcnS^ 
'fbT;i'5z:'i7A • :^»J':7A5 4RZh m^^t7)vs.~^ 
A • :^;U'>A5 7 0<b^^«-r^TA 1. Ga,-. NT 
mt>-^n^, tztzV. l^x>0, l^z>y^0, 1 
^n>m^0Tf*-5. m2<D^^b-< y-Z^^l. - ^V^A 

1 (Dmt-f >>?'j'A • '>Am.^pFpm^5 s {sjss 40 
(Dtt©e<)SVi^fe3tSr^T-&**. c:n«^ 1 ©s^b-r > 

'JO A • ^fU'>AS^#F«iiS5 5*«%bfcJt*<m2© 
S-fb-f >v"?A • ;«/U 'i'A«^-#FiK32i5 6 iz^^-^tl 

#Fe}iS 5 5 2 ©S^b'f ^S^-:? A • -JAa^* 50 
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F«?ii5 ewcfroa^^F^f^^it^L-T^-g.. Sfc. 

Wfe^t, i(l^fe^BLZ/5^fe^©$gHrt«3 0©jSfitf-i> 
T, SIJ6fi'll6«3ffi©«^'#F«ifi*«S;lT:fe?), S6 

6 o±irjg^3njtifB*imiy->tii2i/->ticE 

^J-$n;t^^b;^U •^AMSfB 6 1 1. ^<Dmt:»V Oh. 

wmm 6 1 ®^ 1 y->±irjg^$nit nssfbTJi'S 

— e'A • :<J';'>A6 2 eiconS^'fbT^l'Sn'^A • 
:yU'>A6 2±JCJ^fi£$n, &«*ii^5 7 0 nmd^e,6 
4 0 nm©||e^^Vi«#fe?t*3^TSCi*«T#-5m 
io^^b-f>s?'>A-^U^'AST#F«liS6 St, 
1 Mft-f yjOK • OAm^^wmm. e a ±\z 

m^-^n, &Sd^^5 0 0 nmd^e> 5 5 5 nmCOJat-fe^ 
^%T-&3:tCD-C#-5M2©^fb-f >>":7A • 13^)0 
aT#F«lii6 4t, j:©m2^ft;'f>>?':7A • ;*f'JC7 
Aa^^#FMit6 4±{rj^^;^n, JSfi*^*fJ3 7 0 nm 
5 0 0 nm©»6^€r^-r^^:<hCDT^-5m3©^ 
fb-f >v">A •:«fU':7AST#F.^M6 5 noma 
©S^b-f >v'C/A • ^U^7A«T#Fi^iS6 S±.\zm^ 

mm\:.7)V3.=.oi. ' ii')Oh,Q&±.\zm^^nrzx>m 

^fb:<fU'>A6 7i. c©pM^ft;;<fUt>A6 7Jifc^ 

^snfcMiomse 8 at, ^KD^^bjSfur^Asafe 

6 l©l|2y->J:IC}gJ5£$nB.-r?|l2l/->*^^tr 
»i®*3Ja:v»ll2©«ffi6 8 btd^e,;!^:^. 

[0 0 2 1] Hi ©^ib'f >-:^C7 A • u ^7 Aa^#F 

^jge 3«, J93d^*5l 0 nrnd-*?) 0. 5 nmCFal®^ 
Yb-f >v">A • :yU'^Aa^#Fe6 3 bt> m^ffim 
10 0 nmj&^e, 5 nmOrBlT, ^{b-f >>"^A • ^^)0 
AS^#FS6 3 bCDMfimci&S^Yb-Oi^r^A • 

©^{b-f >>?>^A • :^U'>Aa^#F«ifi6 4«. 
*^*?J 1 0 nmd^e. 0. 5 nm<Dm<D^it'f >i>Ol* • :^ 
U 'J'Aa^^^FB 6 4 b P$*tii!?J 10 0 nmd^e. 5 
nm<Dm-X!. ^-fb-f >>"J'A • -^zAM^^F^ 6 4 

b©M<fi!Hc*-s^<b-i'>i^'i7A • ^vohwrnme 4 a 

sc/fe 4 c i:d^e>;^-&. ^/t, mm(Dm3(D^it-^ >z> 
^/A • ;<fU'J'Aa^#F«$ifi6 5«> ff$*<ii^J10nm 
*->^0. 5 nmCrB^cDgrb-f >v">A • ;^f'J'i/Aa^# 
FB6 5bt. J?$*«ii!51 0 0 nm*^e. 5 nrnWr^T, 
^{b'f >i^OA-f}V OACOm'f-^Wm 65b ®Mfi!l»C 
^S^fb-f >>?>>A • j!fU^>A©|IB6 5 5 c 
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J16 3a, 6 3 c I n, Ga,., NT^toS 

n, ^fls-f >-^^7A • fJV ^7AST#Fe 6 3b ©{t^ 

U'>A^M^6 4a. 6 4 c CD-fb^iCfi I n. Ga,.. 

4b©{IS^^ttIn. Ga,-. Nt?**>Sn, ^{fc'f > 
v">A • jffUC'A^M^e 5 a, 6 5 c ©<k^S!;« I n 
, Ga,.„ NT^fc^n, ^{fcOv^^A • :yU'>Ag 
^^#FS6 5b ©{k^iC^I n, Ga,-, NT«t)^ 10 

r:7A • ;^;u'i7A6 eoft^iCtsifeirA 1. g 

a,-. NT«*D$n-5. TztzV. l^x>0, l^z> 
y^O, l^n>m^O. 1 ^ q> p ^ 0 ^3 

©Sfb-r ^v'l^ A • :i?f u 'yAM^^wmm. e 5 

S 1 ©^{b< >v":7A • '>A«^#F^jft6 3 

•Oi^'t^A • :^U'^?AaT#F«iS6 3*^5,^1i-e,n-5 20 

ytam 2 ^{k-r a • u Afi^#F«ifi e 4 & 

3 ©S^k-f >>»'>A • ;«f U A«^#F;^ig 6 5 ir 
BftjRiStifct), *v»ttm2©^ft;'r>i?>i7A • :«fU«:>A 

6 4 d^53fi£-a-^nfc3t*«ig 3 ©^<t;< 
•>A • :«/U'J'Aa^#F«jS6 5»CBftJR;Sn-5©^Bfr< 

11%^ 7 

ta^L;^iijfi«ia4:fej;rKiiig0!i5©H^ti^^itc, efe 
3fi*wiE*Bjigir-rsfcje). iiJ6«ai7-et4. sticks so 

*^fflbTViS*t, ^i©S{t;-<>>">A • :^;U'i'A» 

#F«liS6 4X1^^3 ©^ft;'f>5^>> A • jtfU'J'AS^ 
#F«jfi6 5©4'©a^#F©^«:Ji^L, #ait'b« 
«:©S^#F$r-&ifi:5irbTV^^, 

[0 0 2 2] "b■&5^> m^^rm7&(Dmt±mvft:^ 

te©J;5;&:2iia]*Vitt3a©*.CBl?,'r, 3fflJ;»3^< 
Tfefllte;SV^. &ST#Fi^jS*<^^©StS©3t«r%-r 

**«6Vi ©d^ e.«MtC^S$ t SrJKS bT 

fe> S-»^#F^jfi4'©«^#F©^«r^^-5cli:tcJ: 

o#iS[«©^s*^«i$-a-, s-ax'^i^ h;ujg^€:{B;^ 

*^L;5:*te,. ||iS©*£;ffl<h»f^±©Po1S*^Jit-§<i:, 
fi^#FmiS©Sc«3 0mSrS^-5iJJS«7S:V^t#;ie. 
n, ^^t5^'f:t-H©gfej(f*bViSIJfit8«Uc*S 
ttSS^#FfiliS«l 5fflT»-5. 50 
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[0 0 2 3] ±mvtz^mmm<D'p-cwRvrzJi\:^^^ 
>'^;i'figS©/t7^-^'©S«fflncMLT«, 

fflxtf^r^->-©»jgXS«rfifdJr^tfSi:, 3f5:%§S©ffi 

ffi f ^ /t 5 ;< - © J: ^ ©$e ffl «£^T © *3 0 T 

-5. xtf5'^r->-\';>figftrastt*5 9 0 o-Ci^^e. 1200 

"0©^, xtf5':^>'-v;i'fi£SJE:t)«*!J2 Ombd''?, 1 0 0 
Omb, T>^X7 (NH, ) iiiE»«*?jO. 5slin*^e)2 
Oslm , hU^5^;i/;^fU'^A (TMG) 2scciii 

1 0 osccm-c, mtsa-r^^mmtmrn (zn) , v 

iJ'^v'^A (Mg) . (C) , (Hg) , ;^h' 

5^/A (Cd) , '^'JU'i'A (Be) , mm <S i) . 

Wm (S) , ■lrP> (Se) ^-C, ±^bfcllifiMfC:fe 

iOig^fiiKJl X 1 o"d^^ 1 X 1 0" cm-'-Cab-5. 
[0 0 2 41 t9j2BbfcSIJS«»ltt-r'^T, 
VyAUUt^it-fyi^OA • ;*/U'>AS^#F«ii^ 

*»jfi-r-5^:t'bT#^. 09;^«, mtmm (s i 

C) , mh7)\^S.-'yA (A IN) . ^fM^ (B 
N) , -feWWbMIS (ZnSe) , "k U > • iBit^bMiB 

(ZnSeS) ^*i^Vf^ns. 

[0 0 2 5] 

[5£?g©^*] 1«|gt©^)ty-f:t-H=&mi5>- 
<. bfc**^T^Jt*Ji^t©^{i*^CJ;SM5^^{b©raS 

[0®©fam^ift^] 

[01] (a) (b) «2tc^qatcJ;safeSS3ty 

H©m 1 <Dmmm'&^-rm&j:mt:Wim-r^mm 

[0 2] *%Bgtc<J;-5afe^^y'f:t-H©^2©Slifi 
0!l©«iSS:^-r»rS0-t?ab^. 

[03] ^mmiz^^&h^i^-f:t-]^<Df^3<Dmm 

[04] *%B9ICj;-£.ae%Jty'f:t-H©m4©||Jfi 
0fl©«iSS:^T»fS0Ta&-5. 

[05] *%§gi;:J:«efi%?t^^-r:t-K©ll5©Slig 
M©«J§*^-rSff®0T$.-5. 

[06] *%?BlCJ;§afe3^)ty<:t-H©m6©||ffi 
«9|©i^iS^&55-r8Fr®0T?«)-5. 

[07] :*:f6qgfcJ;Seei8Jte^^-<:t-H©m7©SliS 
0!l©^iS*5^-r»fS0T*-5, 

[0 8] ti£*»]e.nfcefe%^ty-f:t-h'©«ijfi€:^T 

¥®0"e*s. 

[09] i«*3ai^nfcgij©afefe^^^<:i— K©«lifi© 
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1 0 MM 
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1 4 ffi3t^^sjs^ 

15 a. 15b 

1 6 tl/'^'-Un 

2 0. 3 0. 4 0 
2 2 H 1 (Dnmt 



. 5 0. 6 0 mm 
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26, 45, 58, 67 pSJ^^t;:^U ':7A 

28a, 38a, 48a, 59a, 68a^l (DMM 

28b, 38b, 48b, 59b, 68b||2 
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4 3 nSS^t;;tfU'^A 
4 4, 5 7, 6 6 pSl 



5 2,61 ^it:>3V'yAmmm 

6 3^1 ©^{b'T ^i^C'A • >J C^Afi^^F 
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OA 

4 1 

5 5 

mm 

5 5 b, 5 6 b, 6 3 b, 6 4 b, 6 5 b ^fb-l" 

55a, 55c, 5 6a, 56c, 6 3a, 63c, 6 

5 a, 6 5c m^t-Oi^OA' :»UOAnm.m 5 
6, 6 4 m2<D^i[:^>z?0A':fSV'yAm'jr^Wm 
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6 4 a, 64 c ^^toi^OA • :»^)'yAmmm 
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* NOTICES * ' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] White light emitting diode with which a spectrum emitted from an interface of said 2nd n-type-semiconductor material layer and 
p type semiconductor material has two kinds of wavelength peaks, and is characterized by the white light being compoundable by that 
cause when it has the following and current is passed to said the 1st electrode and 2nd electrode. A substrate The 1st n-type- 
semiconductor material layer by which it was formed on this substrate and the upper part was classified Into the 1st zone and the 2nd 
zone this - the 2nd n-type-semiconductor material layer formed on the 1st n-type-semiconductor material layer this ~ the 1st electrode 
which is formed on a p type semiconductor material formed on the 2nd n-type-semiconductor material layer, and this p type 
semiconductor material, and does not cover this p type semiconductor material completely - this ~ the 2nd electrode which is formed on 
the 2nd zone of the 1st n-type-semiconductor material, and does not cover this 2nd zone completely 

[Claim 2] White light emitting diode according to claim 1 characterized by said both n-type-semiconductor materials and p type 
semiconductor materials being gallium nitride. 

[Claim 3] White light emitting diode according to claim 2 characterized by the ability to use n mold alumlmlum nitride gallium instead of 
said 1st n mold gallium nitride, and use p mold alumimium nitride gallium instead of said p mold gallium nitride. 
[Claim 4] White light emitting diode characterized by providing the following A substrate A buffer coat by which it was formed on this 
substrate and the upper part was classified into the 1st zone and the 2nd zone The 1st n-type-semiconductor material formed on the 1st 
zone of this buffer coat this ~ the 2nd n-type-semiconductor material formed on the 1st n-type-semiconductor material - this - with the 
1st p type semiconductor material formed on the 2nd n-type-semiconductor material this ~ it forms on the 1st p type semiconductor 
material - having ~ and - this ~ the 2nd p type semiconductor material which does not cover the 1st p type semiconductor material 
completely ~ this - the 2nd electrode which is formed on the 1st electrode formed on the 2nd p type semiconductor material, and the 
2nd zone of said buffer coat, and does not cover this 2nd zone completely 

[Claim 5] White light emitting diode according to claim 4 characterized by said buffer coat being a gallium nitride buffer coat. 
[Claim 6] White light emitting diode according to claim 4 characterized by said 1st n-type-semiconductor material being n mold 
alumimium nitride gallium. 

[Claim 7] White light emitting diode according to claim 4 characterized by said 2nd n-type-semiconductor material being n mold gallium 
nitride. 

[Claim 8] White light emitting diode according to claim 4 characterized by said 1st p type semiconductor material being p mold 

alumimium nitride gallium. 

[Claim 9] White light emitting diode according to claim 4 characterized by said 2nd p type semiconductor material being p mold gallium 
nitride. 

[Claim 10] White light emitting diode characterized by providing the following A substrate A buffer coat by which it was formed on this 
substrate and the upper part was classified into the 1st zone and the 2nd zone A n-type-semiconductor material formed on the 1st zone 
of this buffer coat The 1st quantum well structure where it is formed on this n-type-semiconductor material, and wavelength can emit 
about 550 to 620nm yellow light, this ~ it being formed on the 1st quantum well structure, and with the 2nd quantum well structure where 
wavelength can emit about 370 to 500nm blue glow this ~ the 1st p type semiconductor material formed on the 2nd quantum well 
structure - this ~ it forms on the 1st p type semiconductor material - having - and - this - with the 2nd p type semiconductor material 
which does not cover the 1st p type semiconductor material completely this - the 2nd electrode which is formed on the 1st electrode 
formed on the 2nd p type semiconductor material, and the 2nd zone of said buffer coat, and does not cover this 2nd zone completely 
[Claim 1 1] White light emitting diode according to claim 10 characterized by said buffer coat being a gallium nitride buffer coat. 
[Claim 12] White light emitting diode according to claim 10 characterized by said n-type-semiconductor material being n mold alumimium 
nitride gallium. 

[Claim 13] White light emitting diode according to claim 10 characterized by both said 1st quantum well structure and the 2nd quantum 
well structure being indium nitride gallium quantum well structures. 

[Claim 14] White light emitting diode according to claim 10 characterized by said 1st p type semiconductor material being p mold 
alumimium nitride gallium. 

[Claim 15] White light emitting diode according to claim 10 characterized by said 2nd p type semiconductor material being p mold gallium 
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nitridfe. 

[Claim 16] White liglit emitting diode according to claim 12 which a chemical formula of said n mold alumimium nitride gallium is 
expressed with Alx Ga1-x N, and is characterized by being 1>=x>0. 

[Claim 17] White light emitting diode according to claim 14 which a chemical formula of said p mold alumimium nitride gallium is 
expressed with Alx Ga1-x N, and is characterized by being 1>=x>0. 

[Claim 18] White light emitting diode according to claim 13 characterized by said 1st indium nitride gallium quantum well structure 
consisting of an indium nitride gallium quantum well layer and an indium nitride gallium barrier layer located in both sides of this indium 
nitride gallium quantum well layer. 

[Claim 19] White light emitting diode according to claim 13 characterized by said 2nd indium nitride gallium quantum well structure 
consisting of an indium nitride gallium quantum well layer and an Indium nitride gallium barrier layer located in both sides of this Indium 
nitride gallium quantum well layer. 

[Claim 20] White light emitting diode according to claim 13 characterized by said 1st indium nitride gallium quantum well structure 
consisting of two or more indium nitride gallium quantum well layers and an indium nitride gallium barrier layer located in both sides of 
each indium nitride gallium quantum well layer, 

[Claim 21] White light emitting diode according to claim 1 3 characterized by said 2nd indium nitride gallium quantum well structure 
consisting of two or more indium nitride gallium quantum well layers and an indium nitride gallium barrier layer located in both sides of 
each indium nitride gallium quantum well layer. 

[Claim 22] White light emitting diode according to claim 18 or 20 which a chemical formula of said indium nitride gallium quantum well 
layer is expressed with Inz Gal-z N, and a chemical formula of said indium nitride gallium barrier layer is expressed with InyGal-y N, 
and is characterized by being 1 >=z>y>=0. 

[Claim 23] White light emitting diode according to claim 19 or 21 which a chemical formula of said indium nitride gallium quantum well 
layer is expressed with Inn Gal-n N, and a chemical formula of said indium nitride gallium barrier layer is expressed with InmGal-m N, 
and is characterized by being 1 >=n>m>=0. 

[Claim 24] White light emitting diode according to claim 22 characterized by for thickness of said indium nitride gallium quantum well 
layer being for 0.5 to lOnm, and thickness of said indium nitride gallium barrier layer being for 5 to lOOnm. 

[Claim 25] White light emitting diode according to claim 23 characterized by for thickness of said indium nitride gallium quantum well 
layer being for 0.5 to lOnm, and thickness of said indium nitride gallium barrier layer being for 5 to lOOnm. 

[Claim 26] White light emitting diode characterized by providing the following A substrate A buffer coat by which it was formed on this 
substrate and the upper part was classified into the 1st zone and the 2nd zone A n-type-semiconductor material formed on the 1st zone 
of this buffer coat The 1st indium nitride gallium quantum well structure where it is formed on this n-type-semiconductor material, and 
wavelength can emit about 570 to 650nm yellow light, or red light, this - it being formed on the 1st indium nitride gallium quantum well 
structure, and with the 2nd indium nitride gallium quantum well structure where wavelength can emit about 500 to 555nm green light this 
- It being fonmed on the 2nd indium nitride gallium quantum well structure, and with the 3rd Indium nitride gallium quantum well structure 
where wavelength can emit about 370 to 500nm blue glow this ~ with the 1st p type semiconductor material formed on the 3rd indium 
nitride gallium quantum well structure this - it forms on the 1st p type semiconductor material ~ having - and - this - the 2nd p type 
semiconductor material which does not cover the 1st p type semiconductor material completely ~ this - the 2nd electrode which is 
formed on the 1st electrode fonmed on the 2nd p type semiconductor material, and the 2nd zone of said buffer coat, and does not cover 
this 2nd zone completely 

[Claim 27] White light emitting diode according to claim 26 characterized by said buffer coat being a gallium nitride buffer coat. 

[Claim 28] White light emitting diode according to claim 26 characterized by said n-type-semlconductor material being n mold alumimium 

nitride gallium. 

[Claim 29] White light emitting diode according to claim 26 characterized by said 1st p type semiconductor material being p mold 
alumimium nitride gallium. 

[Claim 30] White light emitting diode according to claim 26 characterized by said 2nd p type semiconductor material being p mold gallium 
nitride. 

[Claim 31] White light emitting diode according to claim 26 which all of said 1st quantum well structure, the 2nd quantum well structure, 
and the 3rd quantum well structure are Indium nitride gallium quantum well structure, and Is characterized by each indium nitride gallium 
quantum well structures of all consisting of one layer of indium nitride gallium quantum well layers, and an indium nitride gallium barrier 
layer located in both sides of this indium nitride gallium quantum well layer at least. 

[Claim 32] White light emitting diode according to claim 28 which a chemical formula of said n mold alumimium nitride gallium is 
expressed with Alx Gal-x N, and Is characterized by being 1>=x>0. 

[Claim 33] White light emitting diode according to claim 29 which a chemical formula of said p mold alumimium nitride gallium is 
expressed with Alx Gal-x N, and is characterized by being 1>=x>0. 

[Claim 34] White light emitting diode according to claim 31 which a chemical formula of an indium nitride gallium quantum well layer is 
expressed with Inz Gal-z N among said 1st indium nitride gallium quantum well structure, and a chemical formula of an indium nitride 
gallium barrier layer is expressed with Iny Gal-y N, and is characterized by being 1 >=z>y>=0. 

[Claim 35] White light emitting diode according to claim 31 which a chemical formula of an indium nitride gallium quantum well layer is 
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expressed with Inn Qa1-n N among said 2nd indium nitride gallium quantum well structure, and a chemical formula of an indium nitride 
gallium barrier layer is expressed with Inm Ga1-m N, and is characterized by being 1 >=n>m>=0. 

[Claim 36] White light emitting diode according to claim 31 which a chemical formula of an indium nitride gallium quantum well layer is 
expressed with Inq Ga1-q N among said 3rd indium nitride gallium quantum well structures, and a chemical formula of an indium nitride 
gallium barrier layer is expressed with Inp Ga1-p N, and is characterized by being 1 >=q>p>=0. 

[Claim 37] White light emitting diode according to claim 31 characterized by for all thickness of said 1st indium nitride gallium quantum 
well layer, the 2nd Indium nitride gallium quantum well layer, and the 3rd indium nitride gallium quantum well layer being for 0.5 to lOnm, 
and all thickness of a barrier layer of said 1st indium nitride gallium quantum well layer, the 2nd indium nitride gallium quantum well 
layer, and the 3rd indium nitride gallium quantum well layer being for 5 to lOOnm. 

[Claim 38] White light emitting diode characterized by providing the following A substrate A buffer coat by which it was formed on this 
substrate and the upper part was classified into the 1st zone and the 2nd zone A n-type-semiconductor material formed on the 1st zone 
of this buffer coat Two or more sets of indium nitride gallium quantum well structures where it is formed on this n-type-semiconductor 
material, and was made to grow up sequentially from what has long wavelength of a wavelength peak of an emission spectrum, Said 1st 
p type semiconductor material formed on indium nitride gallium quantum well structure of a group, [ two or more ] it forms on said 1st p 
type semiconductor material ~ having - and - this - the 2nd electrode which is formed on the 1st electrode formed on the 2nd p type 
semiconductor material which does not cover the 1st p type semiconductor material completely, and said 2nd p type semiconductor 
material, and the 2nd zone of said buffer coat, and does not cover this 2nd zone completely 

[Claim 39] White light emitting diode according to claim 38 characterized by consisting [ two or more ] of said indium nitride gallium 
barrier layer to which all of each indium nitride gallium quantum well structure among indium nitride gallium quantum well structures of a 
group are located in both sides of one layer of indium nitride gallium quantum well layers, and this indium nitride gallium quantum well 
layer at least. 

[Claim 40] White light emitting diode according to claim 38 with which the number of indium nitride gallium quantum well structures of a 
group is characterized by two or more said things [ that they are 30 sets ] from about 3 sets. 

[Claim 41] White light emitting diode according to claim 38 characterized by said thing [ that the number of Indium nitride gallium 
quantum well structures of a group makes two or more 15 sets the optimal ]. 

[Claim 42] White light emitting diode according to claim 39 characterized by for all thickness of said indium nitride gallium quantum well 
layer being for 0.5 to lOnm, and all thickness of an indium nitride gallium barrier layer of said indium nitride gallium quantum well layer 
being for 5 to 100nm. 

[Claim 43] White light emitting diode according to claim 39 characterized by an indium content of said indium nitride gallium quantum 
well layer being larger than an Indium content of said indium nitride gallium barrier layer of both sides of this indium nitride gallium 

quantum well layer. 

[Claim 44] ** Offer a substrate, on ** this substrate, grow up the 1st n-type-semiconductor material, the 2nd n-type-semiconductor 
material, and a p type semiconductor material In order, and form structure of white light emitting diode. ** Etch into said p type 
semiconductor material and the 2nd n-type-semiconductor material locally. While it is made for the 2nd n-type-semiconductor material 
not to cover the 1st n-type-semiconductor material completely and It plates the 1st electrode and 2nd electrode, respectively on the ** 
aforementioned p type semiconductor material and the 1st n-type-semiconductor material It is the manufacture method of white light 
emitting diode characterized by what Is arranged so that said 1st electrode may not cover a p type semiconductor material completely, 
and so that said 2nd electrode may not cover the 1st n-type-semiconductor material completely. 

[Claim 45] A manufacture method according to claim 44 characterized by the ability to use gallium nitride as said semiconductor 
material. 

[Claim 46] A manufacture method according to claim 45 characterized by the ability to use n mold alumimium nitride gallium Instead of 
said 1st n mold gallium nitride, and use p mold alumimium nitride gallium instead of said p mold gallium nitride. 
[Claim 47] A substrate is offered. On ** this substrate ** A buffer coat, the 1st n-type-semiconductor material, the 2nd n-type- 
semiconductor material, Grow up the 1st p type semiconductor material and the 2nd p type semiconductor material In order, and 
structure of white light emitting diode is formed. ** Etch into said 2nd p type semiconductor material, the 1st p type semiconductor 
material, the 2nd n-type-semiconductor material, and the 1st n-type-semiconductor material locally. While it is made for said 1st n-type- 
semiconductor material not to cover said buffer coat completely and it plates the 1st electrode and 2nd electrode, respectively on a p 
type semiconductor material of ** above 2nd. and a buffer coat It is the manufacture method of white light emitting diode characterized 
by what is arranged so that said the 2nd p type semiconductor material and 1st electrode may not cover said 1st p type semiconductor 
material completely, and said 2nd electrode may not cover said buffer coat completely. 

[Claim 48] A manufacture method according to claim 47 characterized by fomning said buffer coat considering gallium nitride as a 
material. 

(Claim 49] A manufacture method according to claim 47 characterized by forming said 1st n-type-semiconductor material considering n 
mold alumimium nitride gallium as a material. 

[Claim 50] A manufacture method according to claim 47 characterized by forming said 2nd n-type-semiconductor material considering n 
mold gallium nitride as a material. 

[Claim 51] A manufacture method according to claim 47 characterized by forming said 1st p type semiconductor material considering p 
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mold'alumimiijrm nitride gallium as a materiai. 

[Claim 52] A manufacture method according to claim 47 characterized by forming said 2nd p type semiconductor material considering p 
mold gallium nitride as a material. 

[Claim 53] A substrate is offered. On ** this substrate ** A buffer coat, a n-type-semiconductor material, the 1st quantum well structure, 
Grow up the 2nd quantum well structure, the 1st p type semiconductor material, and the 2nd p type semiconductor material in order, and 
structure of white light emitting diode is formed. Said 2nd p type semiconductor material, the 1st p type semiconductor material, the 
2nd quantum well structure, It etches into the 1st quantum well structure and n-type-semiconductor material locally. While it is made for a 
n-type-semiconductor material not to cover said buffer coat completely and it plates the 1st electrode and 2nd electrode, respectively on 
a p type semiconductor material of ** above 2nd, and a buffer coat It is the manufacture method of white light emitting diode 
characterized by what is arranged so that said the 2nd p type semiconductor material and 1st electrode may not cover said 1st p type 
semiconductor material completely, and said 2nd electrode may not cover said buffer coat completely. 

[Claim 54] A manufacture method according to claim 53 characterized by passing through a phase of growing up the 3rd quantum well 

structure before growing up the 1st p type semiconductor material, after growing up said 2nd quantum well structure. 

[Claim 55] A manufacture method according to claim 53 characterized by forming said buffer coat considering gallium nitride as a 

material. 

[Claim 56] A manufacture method according to claim 53 characterized by forming said n-type-semiconductor material considering n mold 
alumimium nitride gallium as a material. 

[Claim 57] A manufacture method according to claim 53 or 54 characterized by forming said 1st p type semiconductor material 
considering p mold alumimium nitride gallium as a material. 

[Claim 58] A manufacture method according to claim 53 characterized by forming said 2nd p type semiconductor material considering p 
mold gallium nitride as a material. 

[Claim 59] A manufacture method according to claim 53 characterized by forming said quantum well structure considering an indium 
nitride gallium as a material. 

[Claim 60] A manufacture method according to claim 54 characterized by passing through a phase of growing up two or more sets of 
quantum well structures before growing up the 1st p type semiconductor material, after growing up said 3rd quantum well structure, and 
making it grow up in the aforementioned quantum well structure sequentially from what has long wavelength of a wavelength peak of an 
emission spectrum. 

[Claim 61] A manufacture method according to claim 60 which the number of quantum well structures of making it growing up is for 
about 3 to 30 sets, and is characterized by each quantum well structures of all consisting of one layer of quantum well layers, and a 
barrier layer located in both sides of this quantum well layer at least. 

[Claim 62] A manufacture method according to claim 61 characterized by forming said all quantum well structures considering an indium 
nitride gallium as a material. 



[Translation done.] 



http://wvyw4jpdljpo.gojp/cgi-bin/tran_web_cgLejje?u=http%3A 2/10/2004 



Page 1 of 1 



CLAIMS DETAILED DESCRIPTION TECHNICA L FIELD PRIOR ART EFFECT OF THE INVENTION TECHNICAL PROBLEM 
MEANS EXAMPLE DESCRIPTION OF DRAWINGS DRAWINGS 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 2/10/2004 



Page 1 of 5 



t £ 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This Invention relates to the structure and the manufacture method of white light 

emitting diode of having light emitting diode and its manufacture method, especially two or more energy gaps. 

[0002] 

[Description of the Prior Art] All the light that the conventional light emitting diode makes the luminescence property a single 
wavelength peak and narrow half-value width, therefore light emitting diode emits was the pure homogeneous lights. For example, 
the light emitting diode of arsenic and an aluminum gallium emits light in red light, and the light emitting diode of phosphorus and a 
gallium emits light in green light. The light emitting diode with which a color differs from luminous intensity can be manufactured by 
using other materials or using that from which a presentation ratio differs with the same material in addition to this. For example, 
the light emitting diode of the high luminous intensity containing red, yellow, and green 3 colors can be manufactured by adjusting 
the presentation ratio of the presentation ratio of the phosphorus of phosphorus, arsenic, and a gallium, and arsenic or the 
aluminum of an aluminum phosphide gallium indium, a gallium, and an. indium. However, all the light emitting diodes that were 
composed and were made with various above-mentioned materials using the selected structure and the selected manufacture 
method emit only the pure (half-value width is narrow) homogeneous light (single wavelength peak). 

[0003] When actually applying, two kinds of light emitting diodes with which a material differs from a color can be combined. For 
example, monochromatic red light emitting diode (R) and monochromatic green light emitting diode (G) can be combined, the 
luminescence intensity ratio of red light emitting diode and green light emitting diode can be adjusted, the light of these two colors 
can be mixed, and a multicolor light emitting diode light container reference plate can be made. Or the light emitting diode light 
container reference plate of all colors can be made by combining three kinds of light emitting diodes with which a material differs 
from a color, for example, combining the blue light emitting diode (B) of monochromatic red light emitting diode (R), monochromatic 
green light emitting diode (G), and monochrome, and adjusting the luminescence intensity ratio of the light emitting diode (R, G, B) 
of these three colors. Moreover, since composition of the white light is also possible for the light emitting diode light container 
reference plate in which all the above-mentioned color luminescence is possible, light emitting diode is applicable also to lighting in 
addition to an indication signal or an information container reference plate. 

[0004] Although drawing 8 is the plan of the white light emitting diode (part number number NLK2015) which Japanese Japanese 
****** manufactured, drawing shows that each pixel 10 consists of two red light emitting diodes (R), two green light emitting diodes 
(G), and one blue light emitting diode (B). For this reason, the manufacturing cost of this kind of white light emitting diode is 
attached fairly highly. In order to compound the white light by adjusting the optical reinforcement of the monochrome light emitting 
diode of red, green, and blue 3 color with current in addition to moreover adjusting the light emitting diode of three colors 
separately, it is necessary to prepare at least four electrode terminals, and layout of a drive system becomes very complicated. 
When it moreover deteriorates earlier than the light emitting diode of everything but five light emitting diodes one, the color balance 
of a product will be lost. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, for the cost reduction reason, Japanese ****** developed the white light emitting 
diode electric bulb without the necessity of combining the light emitting diode of R-G-B3 color. This white light emitting diode 
electric bulb is what combined the blue light emitting diode die 12 and the fluorescence material 14 of a gallium nitride indium / 
gallium nitride, as shown in drawin g 9 . Lay the light emitting diode die 12 on metal stand 15a first, and the electrode which is in 
coincidence on the surface of the light emitting diode die 12 is connected to another metal stand 15b. Next, the concave tub on 
metal 15a Is filled with the fluorescence material 14. and finally, with the covering material 16, the light emitting diode die 12 is 
covered with the head of the metal stands 15a and 15b. and it fixes. The principle compounds the white light by touching off a 
fluorescence material by the blue glow which a blue light emitting diode die emits, generating the light of the larger yellow of half- 
value width, and making it mix with the original blue glow. If this method is used, lowering and a drive system can be sharply 
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simplified for a manufacturing cost. However, the life of a fluorescence material is small about 5000 - 10000 hours, and since it is 
far short compared with own life 100000 hours of light emitting diode, the life of white light emitting diode will also be restricted. 
[0006] In order that this Invention may Improve the defect of the conventional technology In view of the above-mentioned 
conventional trouble, it has two or more energy gaps, and aims at offering the white light emitting diode which can emit light in the 
white light alone, and its manufacture method. 
[0007] 

[Means for Solving the Problem] The 1st n-type-semiconductor material layer by which it was formed on a substrate and this 
substrate and the upper part was classified into the 1st zone and the 2nd zone in order that this invention might attain the above- 
mentioned purpose, this - with the 2nd n-type-semiconductor material layer formed on the 1st n-type-semiconductor material layer 
this - with the 1st electrode which Is fomied on a p type semiconductor material formed on the 2nd n-type-semiconductor material 
layer, and this p type semiconductor material, and does not cover this p type semiconductor material completely this, when it 
consists of the 2nd electrode which is formed on the 2nd zone of the 1st n-type-semiconductor material, and does not cover this 
2nd zone completely and current is passed to said the 1st electrode and 2nd electrode A spectrum emitted from an interface of said 
2nd n-type-semiconductor material layer and p type semiconductor material considered as a configuration of white light emitting 
diode which has two kinds of wavelength peaks. 

[0008] ** substrate is offered in this invention. On ** this substrate Moreover, the 1st n-type-semiconductor material, Grow up the 
2nd n-type-semiconductor material and p type semiconductor material in order, and structure of white light emitting diode is fonned. 
** Etch into said p type semiconductor material and the 2nd n-type-semiconductor material locally. While it is made for the 2nd n- 
type-semiconductor material not to cover the 1st n-type-semiconductor material completely and it plates the 1st electrode and 2nd 
electrode, respectively on the ** aforementioned p type semiconductor material and the 1st n-type-semiconductor material It 
arranges so that said 2nd electrode may not cover the 1st n-type-semiconductor material completely, and white light emitting diode 
was manufactured so that said 1st electrode might not cover a p type semiconductor material completely. 

[0009] A method which this invention uses is a thing of making an emission spectrum of a plane of composition of pn Junction diode 
generate two wavelength peaks within the limits of a specific parameter by mainly adjusting proportionally [ component / of 
temperature at the time of forming pn junction diode using epitaxial growth, a pressure, an ammonia flow rate, and carrier gas 
( hydrogen and nitrogen) ], or adding impurities, such as magnesium and silicon. By controlling luminescence wavelength and 
reinforcement of a wavelength peak, the white light Is compoundable. 

[0010] This invention grows up quantum well structure into structure of pn junction diode, makes an emission spectrum of each 
quantum well generate a wavelength peak different, respectively by adjusting a parameter at the time of performing epitaxial growth 
again, and can also compound the white light combining two or three different wavelength peaks. 
[0011] 

[Embodiment of the Invention] In order to clarify the structure, the feature, and the advantage of this invention further, this invention 

is explained about a desirable example below at details. 

[0012] 

[Example] The white light emitting diode by this invention mainly compounds the white light by generating two or more kinds of 
wavelength peaks from one light emitting diode. Fundamentally, when compounding the white light using two kinds of different 
wavelength peaks, the blue glow whose wavelength is generally about 430nm. and the yellow light whose wavelength is about 
560nm are adopted. When compounding the white light using three kinds of different wavelength peaks, the blue glow whose 
wavelength is generally about 370nm - 500nm, the green light whose wavelength is about SOOnm - 560nm, and the red light whose 
wavelength is about 620nm - 700nm are adopted. In short, even if it adopts what kind of composite system, it must contain on the 
basis of light with wavelength surely shorter than blue glow or blue glow. 

The manufacture method of the white light emitting diode by example 1 this invention is as follows. 

[0013] As shown in drawing 1 (a), epitaxial growth technology (for example, methods, such as organic metal vapor phase epitaxy 
and MOVPE) is used, and epitaxial growth of 1st n mold gallium nitride (GaN) 22, 2nd n mold gallium nitride 24, and the p mold 
gallium nitride 26 is carried out one by one on a substrate (for example, substrate of sapphire) 20. 

[0014] Subsequently, as shown in drawin g 1 (b), using a phot lithography technology and etching technology, a part of 2nd n mold 
gallium nitride 24 and p mold gallium nitride layer 26 are removed, and the 1st electrode 28a and 2nd electrode 28b are formed, 
respectively on the above-mentioned p mold gallium nitride 26 and 2nd n mold gallium nitride 24. 

[0015] At the process of above-mentioned epitaxial growth, it is temperature, Pressure, ammonia (NH3) flow rate, By adjusting the 
component ratio of carrier gas (hydrogen and nitrogen), or adding impurities, such as magnesium and silicon, and adjusting various 
parameters An epitaxial layer 22, 24. and 26 can be made to produce an energy gap different, respectively. Especially near an 
Interface with epitaxial layers 24 and 26 The emission spectrum generated when current is added from outside has two wavelength 
peaks, and is distinguished by the blue glow whose wavelength is 370nm - about 450nm. respectively, and the yellow light whose 
wavelength is SOOnm - about 600nm. 

The white light emitting diode explained by drawing 1 (b) of the example 2 above-mentioned was the homogeneous structure (gay 
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epitaxy) where the epitaxial layer consisted of gallium nitride. The example 2 of this invention uses an alumlmium nitride gallium 
instead of gallium nitride, and forms heterogeneous structure (hetero-epi KITASHI). 

[0016] n mold alumimium nitride gallium 32 from which that structure was formed on a substrate 30 and this substrate 30, and the 
upper part was distinguished in the 1st zone and the 2nd zone as shown in drawing 2 , n mold gallium nitride 34 formed on the 1st 
zone of this n mold alumimium nitride gallium 32, p mold alumimium nitride gallium 36 formed on this n mold gallium nitride 34, 1st 
electrode 38a which is formed on this p mold alumimium nitride gallium 36. and does not cover p mold alumimium nitride gallium 36 
completely. It consists of the 2nd electrode 38b which is formed on the 2nd zone of the further above-mentioned n mold alumimium 
nitride gallium 32, and does not cover this 2nd zone completely. 

[0017] The white light is compoundable by, as for the epitaxial layer grown up according to the example 2 mentioned above, that 
emission spectrum's having two wavelength peaks, blue glow (B) and yellow light (Y). and the color of the light which this light 
emitting diode emits being what mixed two kinds of this coloring light, and controlling that mixing ratio suitably within the limits of a 
specific parameter. The hetero-epi KITASHI structure which makes n mold gallium nitride in an example 2 a luminescence barrier 
layer can raise the luminous efficiency of white light emitting diode. Moreover, with this structure, an indium is not contained at all in 
a luminescence barrier layer, but white light emitting diode can be manufactured only by gallium nitride. And in order for the lattice 
constant of an alumimium nitride gallium not to change a lot with it of gallium nitride, the temperature in the case of epitaxial growth 
is the same as gallium nitride, and good, therefore the structure of this example raises luminous efficiency, and also can suppress a 
crystal defect few. 

Example 3 example 3 is what added a gallium nitride buffer coat and p mold gallium nitride to the structure of an example 2, by 
doing so, it can raise the quality and the luminescence brightness of an epitaxial layer, can make applied voltage small, and can 
develop a use life. 

[0018] The gallium nitride buffer coat 41 from which that structure is formed on a substrate 40 and this substrate 40, and the upper 
part is distinguished in the 1st zone and the 2nd zone as shown in drawing 3 , n mold alumimium nitride gallium 42 formed on the 
1st zone of this gallium nitride buffer coat 41, n mold gallium nitride 43 formed on this alumimium nitride gallium 42, p mold 
alumimium nitride gallium 44 formed on this n mold gallium nitride 43. p mold gallium nitride 45 which is formed on this p mold 
alumimium nitride gallium 44, and does not cover p mold alumimium nitride gallium 44 completely, It consists of the 2nd electrode 
48b which is formed on the 2nd zone of 1st electrode 48a formed on this p mold gallium nitride 45, and the buffer coat 41 of this 
gallium nitride, and does not cover the 2nd zone completely. 

By controlling the parameter of epitaxial growth, the example 3 of this invention mentioned on the example 4 produces a different 
energy gap difference between each epitaxial layer, and generates a wavelength peak which is different in an emission spectrum. 
In the example given to below on the other hand, the light from which wavelength differs in each quantum well, respectively can be 
generated by adjusting the parameter at the time of carrying out epitaxial growth of the quantum well into light emitting diode like 
the example which manufactured quantum well structure and was mentioned above. 

[0019] As shown in drawing 4 , an example 4 is what makes 2 sets of quantum wells an activity luminous layer. A substrate 50 and 
the gallium nitride buffer coat 52 by which it was formed on this substrate 50 and the upper part was classified into the 1st zone and 
the 2nd zone, n mold alumimium nitride gallium 54 formed on the 1st zone of this gallium nitride buffer coat 52, The 1st indium 
nitride gallium quantum well structure 55 which is formed on this n mold alumimium nitride gallium 54, and can emit the yellow light 
whose wavelength is about 550nm - 620nm. The 2nd indium nitride gallium quantum well structure 56 which is formed on this 1st 
indium nitride gallium quantum well structure 55, and can emit the blue glow whose wavelength is about 370nm - 500nm, p mold 
alumimium nitride gallium 57 formed on this 2nd indium nitride gallium quantum well structure 56, p mold gallium nitride 58 which is 
formed on this p mold alumimium nitride gallium 57, and does not cover p mold alumimium nitride gallium 57 completely, It consists 
of the 2nd electrode 59b which Is fomied on 1st electrode 59a formed on this p mold gallium nitride 58, and the 2nd zone of the 
gallium nitride buffer coat 52, and does not cover the 2nd zone completely. 

[0020] The 1st indium nitride gallium quantum well structure 55 consists of Indium nitride gallium barrier layers 55a and 55c to 
which indium nitride gallium quantum well layer 55b between about lOnm and 0.5nm and thickness have thickness in the both 
sides of indium nitride gallium quantum well layer 55b from about 100 to 5nm. Similariy, It consists of indium nitride gallium barrier 
layers 56a and 56c to which the 2nd indium nitride gallium quantum well structure 56 is also thick in the both sides of indium nitride 
gallium quantum well layer 56b of indium nitride gallium quantum well layer 56b between about lOnm and 0.5nm, and thickness 
from about 100 to 5nm. The chemical formula of the indium nitride gallium barrier layers 55a and 55c Among those, Iny Gal-y N, 
The chemical formula of indium nitride gallium quantum well layer 55b is expressed with Inz Gal-z N. The chemical formula of the 
indium nitride gallium barrier layers 56a and 56b Inm Gal-m N, It is expressed with Inn Gal-n N, and the chemical formula of 
indium nitride gallium quantum well layer 56b is n mold alumimium nitride gallium 54 and p. All the chemical formulas of the mold 
alumimium nitride gallium 57 are expressed with Alx Gal-x N. However, it is 1>=x>0, 1 >=z>y>=0. and 1 >=n>m>=0. Although the 
2nd indium nitride gallium quantum well structure 56 emits blue glow with comparatively short wavelength and the 1st indium nitride 
gallium quantum well structure 55 emits a comparatively long yellow light of wavelength, this is for preventing the light which the 1st 
indium nitride gallium quantum well stmcture 55 emitted being absorbed by the 2nd indium nitride gallium quantum well structure 
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56. 

Although the example 5 has adopted the same manufacture process and same parameter as an example 4 as shown in drawin g 5 
in order to raise the luminescence brightness of example 5 white light emitting diode and to enable adjustment of each wavelength 
peak on the strength, the number of the quantum wells in the 1st indium nitride gallium quantum well structure 55 and the 2nd 
indium nitride gallium quantum well structure 56 is increased. Moreover, what is expressed with the same sign as drawing 4 in 
drawin g 5 shows the same component, and decides to avoid the explanation which overlapped here. 

Although the example 4 and example 5 which were mentioned above example 6 are all compounding the white light using two 
wavelength peaks, the blue glow in an emission spectrum, and yellow light, within the limits, in addition to this, they can compound 
the white light using three wavelength peaks, blue glow, green light, and red light, within the limits. As the example 6 is equipped 
with 3 sets of quantum well structures and shown in drawing 6 , therefore, the structure A substrate 60 and the gallium nitride buffer 
coat 61 by which it was formed on this substrate 60 and the upper part was classified into the 1st zone and the 2nd zone, n mold 
alumimium nitride gallium 62 formed on the 1 st zone of this gallium nitride buffer coat 61 , The 1 st indium nitride gallium quantum 
well structure 63 where it is formed on this n mold alumimium nitride gallium 62, and wavelength can emit about 570 to 640nm 
yellow light, or red light. The 2nd indium nitride gallium quantum well structure 64 where it is formed on this 1st indium nitride 
gallium quantum well structure 63, and wavelength can emit about 500 to 555nm green light, The 3rd indium nitride gallium 
quantum well structure 65 where it is formed on this 2nd indium nitride gallium quantum well structure 64, and wavelength can emit 
about 370 to 500nm blue glow, p mold alumimium nitride gallium 66 formed on this 3rd indium nitride gallium quantum well 
structure 65, p mold nitriding gallium 67 formed on this p mold alumimium nitride gallium 66, It consists of the 2nd electrode 68b 
which is formed on 1st electrode 68a formed on this p mold nitriding gallium 67. and the 2nd zone of this gallium nitride buffer coat 
61 , and does not cover the 2nd zone completely. 

[0021] The 1st indium nitride gallium quantum well structure 63 consists of indium nitride gallium barrier layers 63a and 63b to 
which Indium nitride gallium quantum well layer 63b between about lOnm and 0.5nm and thickness have thickness in the both 
sides of indium nitride gallium quantum well layer 63b from about 100 to 5nm. Similarly, the 2nd indium nitride gallium quantum well 
structure 64 consists of indium nitride gallium barrier layers 64a and 64c to which indium nitride gallium quantum well layer 64b 
between about lOnm and 0.5nm and thickness have thickness in the both sides of indium nitride gallium quantum well layer 64b 
from about 100 to 5nm. Moreover, the 3rd above-mentioned indium nitride gallium quantum well structure 65 consists of Indium 
nitride gallium barrier layers 65a and 65c to which indium nitride gallium quantum well layer 65b between about 10nm and 0.5nm 
and thickness have thickness in the both sides of quantum well layer 65b of an indium nitride gallium from about 100 to 5nm. 
Among those, the chemical formula of the indium nitride gallium barrier layers 63a and 63c Is expressed with Iny Gal-y N. Indium 
nitride gallium quantum well layer 63b A chemical formula Is expressed with Inz Ga1-zN. The chemical formula of the indium nitride 
gallium barrier layers 64a and 64c is expressed with Inm Gal-m N. Indium nitride gallium quantum well layer 64b A chemical 
formula is expressed with Inn Gal-n N. The chemical formula of the indium nitride gallium barrier layers 65a and 65c is expressed 
with Inp Ga1-p N. Indium nitride gallium quantum well layer 65b A chemical formula is expressed with Inq Gal-q N» and both the 
chemical formulas of n mold alumimium nitride gallium 62 and p mold alumimium nitride gallium 66 are expressed with Alx Gal-x 
N. However, it is 1>=x>0, 1 >=z>y>=0. 1 >=n>m>=0, and 1 >=q>p>=0. Although the 3rd indium nitride gallium quantum well 
structure 65 emits blue glow with comparatively short wavelength, the 2nd indium nitride gallium quantum well structure 64 emits 
green light with comparatively long wavelength and the 1st indium nitride gallium quantum well structure 63 emits red light with still 
longer wavelength The light emitted from the 1st indium nitride gallium quantum well structure 63 is absorbed by the 2nd indium 
nitride gallium quantum well structure 64 and the 3rd indium nitride gallium quantum well structure 65, or this Or it is for preventing 
the light emitted from the 2nd indium nitride gallium quantum well structure 64 being absorbed by the 3rd indium nitride gallium 
quantum well structure 65. 

Although the same manufacture process and same parameter as an example 6 are adopted in the example 7 as shown in drawin g 
7 in order to raise the luminescence brightness of white light emitting diode and to enable adjustment of each wavelength peak on 
the strength like the relation of the example 4 and example 5 which were mentioned above example 7 He increases the number of 
the quantum wells in the 1st indium nitride gallium quantum well structure 63, the 2nd indium nitride gallium quantum well structure 
64, and the 3rd indium nitride gallium quantum well structure 65, and is trying for each class to contain two or more quantum wells. 
[0022] Of course, there may be more quantum well structures than 2 sets or 3 sets like the method mentioned above, and 3 sets. 
Each quantum well structure can emit the light of specific wavelength, and if it Is satisfied with coincidence of the conditions of 
making it growing up sequentially from what has the long wavelength of the wavelength peak of an emission spectrum and is [ it is 
clear and ] in it, the white light emitting diode with which an emission spectrum contains all the spectrums of a light field can be 
obtained. Moreover, by changing the number of the quantum wells in each quantum well structure, the reinforcement of each 
wavelength is fluctuated and all the spectrum light emitting diodes equipped with various spectrum gestalten can be obtained. 
However, when the problem on actual application and manufacture is taken into consideration, it is thought that the number of 
quantum well structures does not need to exceed 30 sets, and the number of the quantum well structures in the most desirable 
embodiment of light emitting diode Is 15. 
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[0023] When the manufacturing process of organic metal gaseous-phase EPIKITASHI is mentioned as an example about control of 
the parameter of the epitaxial growth which made reference in each example mentioned above, the near range of the parameter 
which this invention uses is as follows. Epitaxial growth temperature an epitaxial growth pressure for about 900 to 1200 degrees C 
From about 20mb to lOOOmb an ammonia (NHS) flow rate - about 0.5 slm(s) 20slm(s) and a trimethylgallium (TMG) flow rate are 
100sccm(s) from about 2 sccm(s). from - The impurities to add are zinc (Zn). magnesium (Mg), carbon (C), mercury (Hg). 
cadmium (Cd), beryllium (Be), silicon (Si), sulfur (S). a selenium (Se), etc. If it says about the magnesium used in the example 
mentioned above, the addition concentration of an impurity will be about 1x1017 to 1x1019cm-3. 

[0024] Furthermore, altogether, although the example mentioned above was explained using a gallium nitride material and indium 
nitride gallium quantum well structure, it can adopt the semiconductor material of other IV-IV groups, an lll-V group, or an ll-VI 
group in practice, and can also manufacture white light emitting diode. For example, silicon carbide (SIC), alumimium nitride (AIN), 
boron nitride (BN), a zinc selenide (ZnSe), a selenium, zinc sulfide (ZnSeS), etc. are mentioned. 
[0025] 

[Effect of the Invention] This invention does not need to combine two or more light emitting diodes, and can emit light in the white 
light with a white light emitting diode simple substance. Therefore, while a production cost can be reduced sharply, a package and 
circuit control, and layout also become easy. Moreover, the long lasting white light emitting diode which it is not necessary to make 
coalesce in a fluorescence material, therefore does not have the problem of the formation of a short life by coalesce with a 
fluorescence material can be offered. 
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* NOTICES • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) is a cross section explaining the manufacturing process which shows the 1st example of the white light 
emitting diode by this invention. 

[ Drawin g 2] It is the cross section showing the structure of the 2nd example of the white light emitting diode by this invention. 
[Drawing 3] It is the cross section showing the structure of the 3rd example of the white light emitting diode by this invention. 
[ Drawing 4] It is the cross section showing the structure of the 4th example of the white light emitting diode by this invention. 
[Drawing 5] It is the cross section showing the structure of the 5th example of the white light emitting diode by this invention. 
[ Drawin g 6] It is the cross section showing the structure of the 6th example of the white light emitting diode by this invention. 
[Drawing 7] It Is the cross section showing the structure of the 7th example of the white light emitting diode by this invention. 
[ Drawing 81 It is the plan showing the structure of the white light emitting diode known conventionally. 
[Drawing 9] It is the side elevation of the structure of another white light emitting diode known conventionally. 
[Description of Notations] 
10 Pixel 
12 Diode Die 

14 Fluorescence Material ' 

15a and 15b Metal stand 

16 Covering Material 

20, 30, 40, 50, and 60 Substrate 

22 1st N Mold Gallium Nitride 

24 2nd N Mold Gallium Nitride 

26. 45, 58. 67 p mold gallium nitride 

28a, 38a, 48a, 59a, and 68a The 1st electrode 

28b, 38b, 48b, 5gb, and 68b The 2nd electrode 

32, 42, 54, 62 n mold alumimium nitride gallium 

34, 43 n mold gallium nitride 

36, 44, 57, 66 p mold alumimium nitride gallium 

41 , 52, and 61 Gallium nitride buffer coat 

55 63 1st indium nitride gallium quantum well structure 

55b, 56b. 63b, 64b, and 65b Indium nitride gallium quantum well layer 

55a, 55c. 56a, 56c, 63a. 63c. 65a, and 65c Indium nitride gallium barrier layer 56 64 2nd indium nitride gallium quantum well 
structure 

64a and 64c Indium nitride gallium barrier layer 

65 3rd Indium Nitride Gallium Quantum Well Structure 



[Translation done.] 
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0 0 n mc7)raT'$)?. ^ t trmkt-tm^ 3 9 tClBIR 

m^m4 3 3 8Ul£g-(t^ y i^'-^A • IJ A«^# 
Fe<7)^>'i^''>A-^Wi*>'i^'fL-f y^J-^A • ;>jrU'>A 

. i-?'#F«<^Mffli<7)miies-fi:'f ^i^'^A • ^'u ^^ai^s 

3 9 CI5«6tfOafe^r^ ^- K , 

[if*«4 4] ®»«&S«L. 

mtn&v^pm^i^Mm^miz^^-^-tx m&^r 

©Mia P m^mtmmRz^m 2cr>n m^mwmm^zWim 
wt^x -y f - y ^'2: M L , n 2 CO n mpmw^smifim i <5o 

® huiep M^^fwt^su^^ 1 o n m.^mwnm±.f-z^ 

iX-^'tiW, 1 <^«®i:l|2<7)«S2r;^ -y^-T-S- i: i: 

d , i fzimes^ 2 <7)mm*^m icon m^mtmi:^ 

^iziimh^j:^^J:dizmm:tt. zt^imt-t^j^^ 

CitS<«4 6 3 BuSm 1 <7) nMS-fL^' U AcTjft*) 0 
nSa-f|:T;PS:i«> A A2:«fflT-#. *^v:hu 

iepSg'f[:;i''U'^AiOftioD(::pSS-ftr;U5::^'^A ■ 
Xf' J n^A^i^lfflT'^ S ^ h Sr!^i:^-g.»*Jl4 5 tfE 

[if*3i4 7] Q>mw.^m^L. 

nm^^HimA. mi(r>pm.^i^mARr/^2c7)pm 

<^mmm2(Dpm^mmim.mi copm^mimm. 
m 2 <7) n m^mtmm/m i <r> n w>mmm\.zWiU 

»l<7)^8ii:m2<7)^@5r^-y^-r-&i:i:fet=. I^IE^ 

2 p s^t^^fii^w^ i: ^ 1 (r^mmtt^mim i o p 
[if^^4 8 3 mviMmmtmiYJ]'} n^A^wpjt l 
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■Jim. 

Hit, m2oi^#F«iis. mitops^fm^ai^ 

|gl<0«lii:ll2cr)«ffi5:-X-y^-ri>i:i:C>t, MfeU 

2 o p M^fwj^ t m 1 (T^mmmum i <^ p 
mi(r>pm^^mmimt:^^^'ti>miz. ^3co» 

^3l5 3tcia«iOS?iS:^&, 

[ n^m 5 5 ] msmmtimitif v^j^ $:ttm t l 
urn. 

I m^m 5 6] Mie n n mmitTJu $ 

[ 5 7 ] mm 1 CO p M^flsw^ifT&^p m&it 
mLt-Thm^ 5 3 x«±i»^^ 5 4 tciemcos?ji* 

[ If 5 8 ] BU le^ 2 CO P m^mWMfAif' P SM-fb 

ms3i,zmm(r>mm.ijm. 

vm^m 5 9 ] iuie»i^#F^jt*^fi-fL-^ vi/-!^ a ■ 
«5 3tcie«coM3t^r&, 

CW^JieO] B!ilSII3<7)fi^#F«jt.$:^*$-ti:;t 



M^#F«3t^^«$-fr&S|ig^M, fiotJlEOfi^ff 
F«IJtti3V^T5Bfe>^'<:? h;K7)jS:^tr-^£Ojfe:R3&*« 
V^LcO*-'^Wc^ft$-ti:l.^ J: $-#®[t-r«.a^5 4 

118^6 1 1 JS«§-fr.|.»^#F<ijtiOi!t***t;3« 

3 OfficTJPB^T'S) 0 , B.O#*^^#F«JS*i-^/<T , 

^i'-^< 1 1 , MF^^wm-mtm.m.'f^Fmcmmf^z^ 
mime 2 ] mtm^^-Fmm^-t^xmit^ 

A ■ i}'J^M.^mmb LXm^^tlh^lb^'mLb'T^ 
[0001] 

[0002] 

^mm-t6 ^bi,zx^, Ws-n- mE.^^^ts^^&co 
^m^mizx.'yxmm.^ti. m^^tirm^Rx/mmj} 

[0003] m^tjcffl-r-i.^^. Wip} ■ -fet tts=5r 

mfecO#fe^^^ Jj-- H (R) i:#fec7) 
*ife^r-f^-H (G) #fe^y-f 

^- F t m^m^y^ ^- f co^^sssjt ^ lis t . c 
Srf^?.c:t A-'T-g'i,. j).i.v''<i: ■ -fefc ^.tc^^i. 
{f, #fe<J5#fe?Btr-^ Tf- F (R) t. mfeo^fe^ 

3l£r-^^-F (G) . mfe«0«fe3%3t^-^:t-F (B) 
Srffl;?i^-^i?1i-. Cl<?)3fe£05Be^-^:t-F (R. G. 
B ) 03^^SJt$rPS-t-l.i fc izj: y) , -r^TcOfe<0. 
l^:J''>f^-F5tS^fll^#&C:t*>'-C'^-g>. tfz.m 
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[0004] m8iiB^EmtT.*^mkLfz&-&^t/tr 
■i jt- h (M#^n lk 2 0 15) (Tyf-mmx'h^ifi. 
mt^h. ^mmi otfi2mco^^y>( :^-\^ (r) 

i:. 2<icOiife%jti5^-<^-K (G) l{iO«^5l 
yty^:t-V (B) i:*-^>^oT^■»■l.^i:*-';^?*^-S« 

S;^<o<, 3fe<OfBt^^-f^-H2rSi|^tci« 

1 1 5 mcO^y-i :t- H^T) 1 O^i-flilcOfl^tr-^ :t - K 
[0 0 0 5] 

^hBiWca6. R • G • B3fe£0^r-f^-h-^«;^ 

m:y^ ^-Y:^^\2b mmn 1 4 1 sra^^-^i? 

1 5aco±t«aL. [5l^t5^^>f :t- H ■ 1 2 

<r,mmizh^m&^ t a -:^oAJS3g^ 1 5 b tc^ig! 
mzmmtm 1 4T'^s 1 5 a±cr,mLmimrz 
Mmz:f!^<~ttni 6X'^r^^-¥ ■ 12 

^^mm^ 15a, 15b <7)smt 1 1 i,zm^\ m^-t 

t ti<z' L-h^L. mmmcom^'.im^ 5000 
-10 0 0 0 mr^xh 0 , ^±^'4 ^- f g^o*^ 1 

0000 0 WiatcJt'^MAHC^V^fci^. efei^^^-f jj- 

-V(r>m^h^tzmm^ixh:it\>zti:h. 
[0006] *^Hj{i, iie^ioraM^tcffi;^^. 

Sr^r L , s^wx-^^it^^itth z t *>T-# s efeSbte 

^-f ^- Ki5 j;l^^«Olgjt:&-&SrSttt-i. ^ 2: B&*Jfc 
[0007] 

fig-r^^ci^^c. K«1S±lc?^«$ix±gp*-'lgl 
V- > i: IS 2 V- y t Eii- S irjt B 1 <?5 n 

mmt.smico nm^i^mm±^zm^^tifzm2 
eo n M^fmisfJi b.sm2(Dn m.^mimmm±iz 



&^tL. K-:>mpm^^mmimi^i,ziimh'k^^mi 
(ommt .imi<Dn m^mmtm>f^ 2 v- y±izm 

mt^^i^^'o. mf£mi<7)mMtm2<^mmi,zmm.iw. 

[0 0 08] ^fc*%BJCfcV^T{i, ©a^^ffiffiL. 

®mmwitizfHi<r)nm^min. m2eonm.^^nic 
mmRx/pm.^^mtni:m^z^K^■^x&^^:y■-( 
^- Y(^mm^m&L. <^mUpm.^mif-\m/w.2 
<r>nm^immzmmf)i,z3i'y^y'f^mL. m2CD 
nm^^mi^mwm i<7^nm^f^m^^^^izimh 
J; d ®mBpm.^ii^mmx/m 1 conm^^ 
mmtm±i>z^tL'etim 1 comm t s 2 comss:^ -y ^ 
f a i: 1 1 fc, HtfflEis 1 (^msij^pm^i^mni:^ 

Umh^X V ^ J; d , ^ Hfrieig 2 1 £0 n M 

[0009] *5&HB*<fi6ffl-rs:&ffi{i±{c. xb-:^'^^' 
-r;\^^M^mm Lx p nti-^r^ v^mm-imco 

OJ^:JJ-JttFiJ$riiBL, sg^'>tiVi/;t^v-'>A, 
co^rmiiMti,::t(,zXK). ^t^WN^^^-^coffiffl 

jS^«e-^'5r2':>^$-l±^tv^3t«0-eS>S. 8i*tf 
- ^ coSBld^ft&y^S^rSiJWr I. i: 12 i 0 . efe^K 

[0010] *^BB{±^/i. P nt^-^y^ :t- KiOffijt 
-tf. 2oX{±30(7)^55rl>ai[«e-^$:ffl^-^ip-ti-ce 

^^^^■th^thX'^^. 

[0011] 

mmioi)Hz-ri>f:z^. OTt=*«Hjs:»^ C\>ymmmiz 

[00 12] 

ic, 2««OM=Sr-l,S^;^h-^^fflv^Tafe3t^-^^-r 
-«fcti^**«*t»4 3 0 nm<^«fe3ti:&« 

«*i*«73 7 0 nm~5 0 0 nm^DWfe^tfc . ^:R3!>«S«;5 
0 0 nm— 5 6 0 nmOSife7ti;^**^l-;6 2 0 nm~ 
7 0 0 nmcr)#^*i^ffl$ix?, . g-T-^tc:, t'Oi 3 
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[0 0 13]lll ( a) fc^SilS iatc. xtf:J'df>' 
( m t {S"W«#JS^fflx b- ^ i^- , MO 

mm.) 2 0<7)±iz. mi<7)nmsi\:7(fo^j^ (OaN) 

22. ^2c7)nMM'fL;yU'>A24. pmSHtA'V "^J^ 

[00 14] <}^V>T'iai (b) t^i^ix^iofc, *h 
'jy^^57 ^SWai/x-yf-v-^SW^fOTLT, ^2 
c0nMM-fL^"»J'>A2 4Xt^pSM-(l:;^ 'J'>A®2 6<7) 
-^Sr^t, -eLTMxBcOpMM-{l:;*y'>a.2 6&l>' 

m2cr)nmmit^ u a 2 4 <o±t:-eix^iiii 1 comsi 

2 8 a aZ/IS 2 com® 2 8 b Srm-r I. o 
[0015] ±aiOih°^^i^-r;P^;Ri7)jgST{i, ffl 

JK. Ty^:::^?' (NH3 ) eTti, ^^VTif:^ 

xb-^dri^^;l'a.2 2. 24, 2eiZ^fi 

# , #txf^ v-^/t^e 2 4 i: 2 6 t c7)-!?ffi#jeT- 

m^\^-9^2-:>^L. ^a-fit«[ft*«3 7 0nm~4 
5 0nmg^<^Wfe7ti:jg**»'5 0 0nm~6 0 0 nm 

mmm2 

mm<r>mi (b) T'SiBBLJtfife^r'f:^-m. x 

\;9^'^-^)Vmt)mi\L:(}'J AT-««$ il^c|BI«ffijt 
(:^^:Xt"^^£^-) T-Jb-^^C. *^BJc7)^M«?<J2«. 

WfflL, S@ttjt CsT^nxb-dft^s^-) $:0^L^ct 

OX'S) -So 

[0016] m2\.zfr>^ixl> i a tc. -ecofflitti. 

3 Oh, ::<o««^30±fcj^ia$fL. ±a5*<l?ir->- 
h^2y->'t{c|E:SiJ$ix;tnSM-ft.T;P5-'>A • iS 
'J'^A32t. ^OnSS-fbT;t^5-'?A • ;fy'J'>A3 
2omi V->'±tmSit3tnSg-fb;<fU'>A3 4 

C<7)naa-ft:;5r''J'>A3 4±{c?^fi!t$ix;^cpMa-fb 
r;l^S-'>A • ;^'U'>A36t, ClcOpMM^tT/l^S- 
A • U A 3 6 ±tC?gfiK S p mmtT)V 5 - 
♦^A • U -^A 3 6 1 3 8 

afc, $^>(CHU^<7)nM2'ftT;l'S-'>A • 7yU'>A3 
2 2 y- >±tc?^fi!<;$ J.-:>^ toS 2 V- 
{c:{iSfc^V>||2<0«fii3 8 bi:*>4>^|,, 
[0017] lM\^fzmmm2\,zX Oe^^l^iir^cxb-^' 



(rmstT.'^.^ h;u*<»fe5t ( B ) mf'm.Wt (Y) cr)2 

O<^jS*b--^$::t-rStc7)T'S>0, CLCOjI^tr-^ :t- 
'^AJr^SttSt-r^^T^oxb-^Jf^i^-^ijiJi, a 

'>A£7)lg^^{iM-fl:;{? ij '!7AO-eixi:;'^» <^i5'?>^ 
v^f>:i6. xb":^'df^'^;i^^*iO[^OvaJKt,a-fb^y^A 

a6S {3*^fBi^Ff5$-iJ'-:3r < Jtpi. S ^ i: 3&<t:-& 1. 1 <7)-cft 
I., 

mmm s {± , mm 2 (nmrn^zmitif u Ai^is s&y^ 

pMffi'fl:*'y'!7A$:jDxf^t>0-C\>5-ri.ii:{cJ: 0 
xb-:?df>'-^;PJlOp°p®S.u:-^»S$ri6a6. ElUaHE 

I.. 

[00 18] m3\,z5T^^tLh^oi,z^ i<r)m^\i. 

4 0 1 , z<^mwL4 o±izm^^ti±^tpm 1 y->t 

S2V-yf:{CK3iISil.^S-fb;yU'>Ai|f«S4 It. 

z. (r>mt^ u d^mmm Ainmi v - y±t,zm^ § ix 

/cnMM-fbT/PS-'^A • ;iriJ'!7A4 2i:, dcOS-ftT 
;P5->>A ■ :^*J^J^4 2±t,zm^^ivrcnmmit^''J 
'>A43t, .l<:OnMM'fb;*^U'5'A4 3±lC?eiS;§ix/:: 
pMS'ftryl^S^'^A • ;^^U'>A4 4i;, -(TipgJgYk 

rjus.-^M. ■ A'V'yM,4 4±izm^^n.K'op^^t 

r;W5-'>A • ;{?'y'>A4 4Sr^ikfc{±aiD^t^pMM 

•ft,7:?y'>A4 5i:, ^i0pSM-ft/&'y'>A4 5±t3?^^ 

sixfviis 1 eomm4 8sit. z <r>m.itff v acosws 
4 i<r>m2Y-y±izi^^^ti&'^m2Y-yi:^iz 
limh^\^m2cr>WM4 8 b t *»^>^r^. 

mmm4 

±lzmiffz *^BB<7)||Si^j 3<i:. xbiJ'^v-^ ii-^^cr) 
j^^ji-^ ^Sijffli-r-l. c: i: izj: O^xtf ^'df 
T-p^sx^^yp^-df^A' yrn^^t^-ii-, ^^;^'<i7 
h;WcS=3:-l>&«b-^2:5fe^fe$-e&t«0-C'S)S. 

WFizmf^mmmx'ii. ^y>f^-Hi7)4't«i^# 

b- v-A- /PfiE:! $ -ti- 1^ W ^ - :5' ^illS-r ^ fc 

[00 19] m4i,z^^ti^xoi,z, mmm4ii2mco 
M^#wi:iSitmimt^^i>cr,x\ mm^ok. zco 
mi5 o±lzm^^tL±Uti^m i ^/-ybf^2Y-yk 
cE^^^fL^cg-ft^'ti ^j^mmm 52 1. z<Dmt:ff') 
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0^ • t:?' 'J "^A 5 4 cr,±l,zm^^tl, 5 5 0 n m 

~6 2 0 n m<Oif -feifeSr^-f-S Zt<r)X'^hmi coMIt 

^ y^'^A • Tj-'J -^Afi^^^FWit 5 5 t , ^C7)^ 1 C7) 

^, ^****«73 70nm— 500n m<7)#fe^2rf&-n. 
Ctc7)-r'#-|.^2c0M^t;^ yi^'-^A • ;?y'J'>AM^#F 
5 6 i: , .1 com 2 cOM-ft'f A • ^' U Ai^ 
#F1ijt5 60±(:m$iX7tpffiM-fl:T;U5-'>A • 
;yi;'>A5 7i:: CcOpSS-fkT/I^S— 'l^A • ;)yU'>A 
5 7cO±tC?^^$ixS.OpSa-fI:T;U5-'^A ■ ;^rU'^ 
A57$-^ife(;«±Si5^V^paMil:;yU'>A5 8t. 

a i: , MYb^j^' y ^ J^mmm 5 2 coi^ 2 v- y±i,zm& $ 

^iSogg 2 V- i^Umh^i^m 2 C7)«fii 5 9b 

[ 0 0 2 0 lis 1 <7)S^b-f V A • li A*^^#F 

^3t5 5{±, ff§*^11;l 0 nin*><i>0. 5 nmcr,m<0^ 
it^ y-J^M.- ij U Aa^#F® 5 5 b i: , Jp $ 
1 0 0 nin3&»^>5 nmc?)®T-. M-ft-^ A • ;>yu>> 

A*^#FJi5 5 y^(m/mzhhmAtA yj^M.- H') 

T>AKffiS5 5aat/5 5 c i:*-A>=5r§. Wm<z^ W,2 
(r>m\L^ V'J-^J^ ■ iS^y '>Aa^#F«jt 5 6 ^ 
J?§*<f«Jl 0 nm*»^0. 5 nmCO^oa-ftWVs^'^A 
■ iJ^} '^Afi^ffFW 5 6 b i; . W^^^J^ 1 0 0 n m*^ 
Ji. 5 n mCDrat'. S-ft-f ^v^'^A • ij^) '^AM^-^FJl 

5 6b iOMffliltCfe S S'fti'f yjiyj^- if^) »> APSSS 5 

6 a&U^'S 6 c ^C03*>, M-ft-Y >'i^'';rA 
• U '^Mmm.m S 5 a25.t^' 5 5c cr>it^^\i I n j, G 
ai _ y N , a-fb-f y-J'^M. ■ ^ 'J '^AM^^Fa 5 5b 

A • y APSSa 5 6 aSt/" 5 6b cO-fb^fi I n„ 
G ai _ . N . y=J^J^ ■ 0 '>Ai^#F« 5 6 

bO-fb^til n„ Gai_„ NT'«i?$iX. ttmmS. 
^tr/l-a-'^A • ;>5'iJ'>A5 4St^p Sa-fbT/L-S -'^ 
A • ;>yU^A5 7C0-ft,;¥st«±-r^TA 1 , Gai-, NT' 
/CTt't, lSx>0. lSz>y^O. 1 
^n>mSO-efcS. ^2<J52-ft'f V-i^'^^A • j^U'^A 
4^#F«it 5 6 «jS**%fif6<j^v ^»-fe7fe*f6 L , ^ 
1 iOg^b-f yJ^J^ ii')^ AM^#Fflljt 5 5 ^« 

i^'-^A ; U Aa^#F1ijt 5 5 Lt^c^^^^'^ 2 O 
a-fb-Y i^v'''::7A • ;5 U '^Aa^#F1fJS5 6lCtRJR§it 
•i>«0S:|Sfe<''/sa6T'S).i). 
II*6«?II5 

^fflLTV^S*^. mi<7)a-(t-<>-vn7A • ;^'i;'^Ai^ 
#F1t3t5 5i:lg2c7)a-ft-^ >'>'''>A • ;«yU'^Aa^# 



F«it5 6<^4'<7)a^#F<7)gf^li^LT$>S, 
ia5«04'T% ia4t|3|ti?-^T'^*)$iXTV^^tO(±|Sl 

*ifeptS.lX*fe3teDlifflrt<^3oc7)jfe^t-^ 

X . mmm ens mcom^nwrnm^mtx ^ o , a 6 
mmm 6 1 com i v- y±.izm^ § titz n ms.itr>v s 

--^A • ;!yU'>A6 2i:. dcOnMS-fbT'/PS-'^A • 
7y'J'^^A6 2±tC?B«$ix, a^**^5 7 0nm*»^>6 

4 0 n mcr,M^±m^^l.iif-^%^%-th >I i: *^'-C^ 

1 cog'fb^ >'>'''^A • :ff^) ^M.m.^nFmm6 3 . 

comiSYfc'f >'i^''>A • '!7AM^#F«jS6 3±tc 

ffM^^X. fe**^'*-;5 0 0 nmti\h 5 5 5 n mcO^^&Tt 

^^■fh:itcr)X'^i>'m2<nm.it^ yj-^d^ ■ is^y^^h. 

a^#FiKji 6 4 h . C com 2S-fb-f >'i>'> A • U ^ 
Aa^#Ft«jt 6 4±fcJ^^$il. ^«**|«J 3 7 0 n m 
ti'h 5 0 0 n m<7)»€l5t2:^t-'l. tcOTg; cOS 
\tA yi^^M. ■ ij^) •>Aa^#FffiJt6 5 i: . ^£0^3 

coa-fb-f >'j^''>A ■ ;ef y'>Aai^#F?fi3t6 5±c?^^ 

^fLTtpSa-fbT/l^S-t^A • ;^?'U^A6 6i:. <IcOp 
Ma'fbT/PS-'>A • ^■U'>A6 6±fcJB^$iX/tpS 

a-fb;i''j'>A6 7h, ^<opMa'fb^"y'>A6 7±ic?g 

^$a^m 1 <7)«ffi6 8 a t . ^ (rm.^^') '^A^*® 

6 lcom2Y-y±l,zm0.^flK-^m2Y-y^:^iz 
imh^\ 2 comm 68bi:3&-4>^|>. 

[ 0 0 2 1 '] m 1 (T^a-fb'f A • ;{ry Afi^#F 

1tjt6 3{±. iP$*i*tJ 1 0 nmA>A> 0 . 5 n mCOHcOa 
-fb-^ yi^^J^.- :^'V '>Aa^#FS6 3 b , 11S*^'*^J 
10 0 nm*^^, 5 nmcOST. M-fb^ yi^^M. ■ ij^)^ 
Aa^#F® 6 3 bcOMfflOtCfcSa-fb^ yi^'-^A • ;5ry 
'>APtM®6'3aSlX6 3bfc*-<^^-i.. Rate, W.2 

<7)mit^ yi^r^M. ■ is^) '>Aa^=-#FffiJi6 4{i. 9.^ 

*^|«Jl 0 nm*»<i>0. 5nmcO|gIcOa-fk-<^'>''>A ■ 
y Aa^ #Fii 6 4 b t . $ 1 0 0 n m*^i^ 5 
nmcOl^T-. S-fb^ yi-'-^A ■ *'y '7AS^#F«6 4 

\><mmz^hmA\.^ y^y^j^ • ;<f'y -^APfsae 4 a 

ai^64ci:3&»<?>^-5,. S;^. 1ir3*com3<5Da<b^y>'' 
>^A • iS^) '>AS^#Fffijt6 5«i:, 1 0 nm 

t^hQ. 5 n mcoS^a^fb-^ >'>'''>A • y '^Aa^* 
FB6 5bi;. jp§*i|«;l 0 0 nm*>^, 5 nmcOiaf. 

a-fb-^ y~j^j^ ■ ii^) -^Acoa^^Fas 5 bf^Mfflitc 
hhm^-i yi^^j^ ■ ^y -^AKMJie 5 as.t/f6 5 c 
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a6 3a, 6 3cC0<l:^^(±I riy Ga,., NX'm.h^ 
ft. mit^ y'J^M. ■ ;yU»>A»^#FJi6 3b CO^t^ 
n, Ga,.,NT'*i5$fL, g-fL^ >-i^''^A ■ ;«y 
U 'i'AKMJie 4 a . 6 4 c CO-ft^S^ti I n„ G a,., 

4b cTj^L^ti;! n„ Gai.„ NVmh^tl. S.it^ > 
-J-^JU ■ ^M.mm.m 6 5a, 65c (JD-ft^S^^Ji I n 

^#F»S6 5b <7)-ft^^(ii n, Gai., NT'^^3$ 

-'^A • U -^A 6 6 co-fk^ti i: i>l::A 1 , G 
a,., N-C^*):^itS, TtJt't, l^x>0, l^z> 

y^O. l^n>m^O, 1 S q > p ^ 0 TJ)-?) . 1^ 3 

it«eBUMv^»fe7t^5%L., w.2<r>m.iY.^ y^-'-^A • x?u 

UlcTjM'ft.^f y-y-^A • ;<ry>Aft^#F«it6 3 

^ y=j^M. ■ ^o^Am.^#wtme 3*»/i>5^^>iis 

»^^#Ffll)t 6 4 *»'i>3^(c>it^^3fc&«^ 3 qmXC^V'J 
^M. ■ ;9 'J'>Afii=^#FfilJt6 5fc©JR$ixS<0?rI»<' 

^^#F1fit6 3. m2cOM'fb^>'i>'>A • XfJ-^Ai^ 
#F«3t6 5c7)4'COfi^#FC0St$rtg^L. 

[0022] i>^?^^, A^^wmmcom±iMLtz-jj 

Xi>mh^j:\'\ «-ii^#F*ijt*^'#^iO^«c03te^l6t- 

ft. ^S^^F^tit-foa^ #Fc^iic^^;i S c: i: {c J; 

i?^#FflBiiOi!tti3 0«S:jS;tS«e^g{i^rV%i:#;i/i> 
(t l.i^#F«3t<i: 1 5 ffl-e«> h . 



[0023] ±j£tfz^mm.mc04'X'mRLfz:i:.\^:^^ 

ffl-r •g. - ^0*3 J: -e<JO® fB{±mTO kis^Th 
h. xb-^'dfi^A';««iag{±*tJ9 0 O'CTb^^. 12 0 0 
"COM. Xt^:?:^ri^^/U'«:SE:'3«i*>72 Omb*»^> 10 0 
Omb, ry^-T (NH3 ) SSMtSf^JO. 5sliii *^4>2 
Oslm . h U;'f^;U;<fU'>A (TMG) »i[i{i$t)2sccin 

1 0 osccmt', mwt^^-m.mim'i ( z n ) , v 

^^^i^-^A (Mg) . (C) . (Hg) , 

5 -^A ( C d ) . U "^A ( B e ) \ iiS ( S i ) . 

s ) , -bi^y ( s e ) iMLtzmm^za 

v^TffifflL/iV^^>>"!7AfcMLrwi-{f, 

jD?aK«i^l XI 0'''*^4.1 XI Oi9cm-3-t'J>l.<, 
[00 24] HuaLfc^Mmt-'^-C, a^L^i?' 

'J •^M.mntm.'^'i yiy^K ■ ij^) '>AS^#F1fitS: 

^iKt-rs i h i>T'§ ^ . . ^-fb^s ( s i 
c ) , a-fbr;ws-'?A ( a 1 n ) . a-fbflu^ ( b 

N ) , -feU-Wtlffirn ( Z n S e ) , -feU-y • gg-ftSSS 
(ZnSe S) W#ff^>a-i.. 
[0025] 

[lafficofsm'SriKBH] 

[HI] ( a ) is it/f ( b ) ti^^BBt ct S afe^^- 

[02] *5&Bjic i I, m^^^r-f 2 o^jfi 

[03] *%BBid J: ^ afe^^^ Jl-- h'<7)|| 3 

[114 ] i^mzi. h ^- vcr)m4comM 

[05] *^Bj{c J: a e-fe^r-f Jf- K<?)^ 5 <^)^S6 
[06 ] *:^HJtc J: ^ ^^mty^ jf- h'c7)|g6£0|IM 
[07 ] *^HBC J: ^ Bfe^:J^-f :t- H«7)^7C0^ 

m<r>m^i^-twmmx'hh, 
[08] i^3fe*nt>*t^afe^i?'-f^-h-<7)ifjts-s^-r 

^ffi0TS)S. 

[09 ] ta!*tt<oix;t«iJ<^afe%3t;?M ^- H^ltiieD 



(10) 
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mmmiTh^. 34 

in^comm] 3 6. 

1 0 HSI '^A 

1 2 ^^^-K • :J^-f 4 1 

1 4 mmm 5 5 

15a. 15b ^JS?B^ :KJS 

16 ;^>'N'-W1Sf 5 5 

20. 30. 40. 50. 6 0 -^A 

2 2 miOnSM-fl:;*'y'^A 5 5 
24 m2COnmMit:^0'yM, 5 a 
2 6. 4 5. 5 8. 6 7 P^-ft;;<fU'>A 6, 
28a. 38a. 48a. 59a. 68a HI CO^m jt 
28bc 38b, 48b. 59b. 68b Sg2<?Dl|ffi 64 
32, 42, 54. 62 nmS.itTJU^—^M.-TffV 6 5 



. 4 3 nmmitA'V'^J^ 
A A. 5 7. 6 6 pSS'fbTyl^S-'^A • 

. 5 2. 6 1 m.it:^'')'^j^mmm 
. 6 3 ig 1 (Ttmt-^ y-j^j^ ■ a u #F 

b, 5 6b, 6 3 b, 64b, 6 5b M^ft^ Vi^' 
a, 55c. 56a. 56c. 63a. 63c. 6 

.65c mit^ vv^j^ ■ ii^y -^jm^ s 
a. 6 4 c s-ft;^ yi^^h. ■ ii^) ^immm 




45 



[03 1 
46a 



44- 

43- 



32 42^^^ 




Z 



4ffi> 





41 



40 



(b) 




[114] 




ma: 

10 
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